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United States Court of Appeals for the 
District of Columbia 


No. 6261. 


Thermolized Coal Corporation and Charles 

Appellants, 


M. Buck, 


vs. 


Conway P. Coe, Commissioner of Patents. 


a 


Supreme Court of the District of Columbia. 

j 

In Equity. j 

l 

I 

No. 54766. 


Thermolized Coal Corporation and Charles ! M. Buck, 

Plaintiffs, 

i 

i 

vs. 

j 

Thomas E. Robertson, Commissioner of [Patents, 

Defendant. 

i 

5 

United States of America, 

District of Columbia, ss: 

Be it remembered, That in the Supreme Court: of the Dis¬ 
trict of Columbia, at the City of Washington, in said Dis¬ 
trict, at the times hereinafter mentioned, thb following 
papers were filed and proceedings had, in the above-en¬ 
titled cause, to wit: 


1—6261a 
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2 THERMOLIZED COAL CORP. AND C. M. BUCK VS. 

1 In the Supreme Court of the District of Columbia. 

In Equity. 

No. 54766. 

Thermolized Coal Corporation and Charles M. Buck, 

Plaintiffs, 


vs. 

1 Thomas E. Robertson, Defendant. 

Bill of Complaint to Obtain Grant of Patent . 

Filed August 30, 1932. 

Plaintiffs, for their Bill of Complaint, allege: 

1. That plaintiff, Thermolized Coal Corporation, is a 
corporation organized and existing under the laws of the 
State of Delaware; plaintiff, Charles M. Buck, is a citizen 
of the United States residing at Brooklyn, New York; that 
defendant, Thomas E. Robertson, Commissioner of Pat¬ 
ents of the United States, is an official resident of the Dis¬ 
trict of Columbia and is sued in his official capacity 
2 as Commissioner of Patents of the United States. 

2. This Bill of Complaint is filed under the pro¬ 
visions of the patent laws of the United States and par¬ 
ticularly under the provisions of Revised Statute 4915. 

3. That plaintiff, Charles M. Buck, is the original, first 
and sole inventor of a certain invention in treatment of 
coal and other carbonaceous materials of a similar nature 
and in the product produced; that on March 28, 1928, plain¬ 
tiff, Charles M. Buck, filed in the United States Patent 
Office an application for a patent for said invention, said 
application being given Serial Number 265,303; that said 
invention is new and useful and was not known or used be¬ 
fore plaintiff, Charles M. Buck’s, invention or discovery 
thereof or patented or described in any printed publica¬ 
tion in any country before his invention or discovery 
thereof or more than two years prior to filing of his said 
application and not in public use or on sale in the United 
States for more than two years prior to his said applica¬ 
tion ; that the said invention has not been patented in any 
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country foreign to the United States on an application 
filed by him or his legal representatives 0 r assigns 

3 more than twelve (12) months prior to th0 filing of 
his said United States application and tljat no ap¬ 
plication, for patent for said invention was filed py him or 
his legal representatives or assigns in any country foreign 
to the United States prior to the filing of his said United 
States application, and that said invention has! not been 
abandoned. 

4. That by agreement dated the seventh day of June, 1929, 
between plaintiff, Charles M. Buck, and plaintiff, Ther- 
molized Coal Corporation, the said Buck convened a cer¬ 
tain interest in his invention and application, ferial No. 
265,303, to the said Thermolized Coal Corporation, all of 
which will appear more fully and at large from copy of said 
Agreement attached hereto and made a part hereof. 

5. Said application Serial No. 265,303 was filedjin accord¬ 
ance with the provisions of the laws of the United States 
and the Rules of Practice of the United States Patent Office 
and has been duly prosecuted in accordance with said laws 
and rules. 

6 . On February 26, 1931, the Examiner refused to allow 
the claims then presented in said application 0 nd finally 
rejected said application. 

7. Thereafter, on March 24, 1931, plaintiff, Charles M. 

Buck, pursuant to an interview with the Primary 

4 and Assistant Examiners in charge of tl(ie applica¬ 
tion, amended his application canceling ithe claims 

then in the application and substituting therefor claims 
50 to 55 to be found in the amendment filed on| March 24, 
1931. 

8 . Thereafter, on March 27, 1931, the Primary^ Examiner 

finally rejected the claims presented in amendment of 
March 24,1931. j 

9. Thereafter, on May 15, 1931, pursuant to ah interview 
with the Primary Examiner, Plaintiff, Charle^ M. Buck, 
again amended his application, amending the claims pre¬ 
sented in his amendment of March 24, 1931, and adding 
claims 56 to 62 inclusive. The Primary Examiner refused 
to enter the amendment because it did not put the case in 
condition for allowance, but stated that “had |he amend¬ 
ment been entered it would be necessary to mak£ an action 
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somewhat as follows”, stating in conclusion, “the final re¬ 
jection must, therefore, be adhered to”. 

10. Thereafter, on August 4, 1931, pursuant to an inter¬ 
view with the Primary Examiner, the applicant requested 
reconsideration of refusal to enter the amendment of Mav 

•r 

14, 1931, and requested, in addition, that the amendment 
of May 14, 1931, be entered except as to claims 56, 

5 58, 59, 60 and 62 and upon the understanding that 
in case the remaining portion of said amendment of 

May 14, 1931, be entered for purposes of appeal, claim 57 
thereof should be treated as a substitute for claim 55 and 
that claim 61 should be considered as a substitute for claim 
54. 

11. In response to this request the Primary Examiner 
entered the said amendment and again finally rejected the 
claims as they then stood: 

50. A rtiethod of preparing coal of the softer grades for 
its subsequent use which comprises crushing the coal to 
comparatively small pieces, and heating the coal, in the 
presence of inert gas sufficently free from air to prevent 
combustion, until it has reached a temperature substan- 
tiallv throughout of from substantiallv above that of the 
boiling point of water to not above that at which thermal 
decomposition of the particular coal begins. 

51. A method of preparing coal of the softer grades for 
its subsequent use which comprises crushing the coal to 
comparatively small pieces, and heating the coal, in the 
presence of inert gas sufficently free from air to prevent 
combustion, until substantially above that of the boiling 
point of water to not above that at which thermal decompo¬ 
sition of the particular coal begins, and pulverizing the coal 
so treated. 

52. A method of preparing coal of the softer grades for 
its subsequent use which comprises crushing the 

6 coal, to comparatively small pieces, heating the coal, 
in the presence of inert gas sufficiently free from air 

to prevent combustion, until it has reached a temperature 
substantially throughout approximately not above that at 
which its thermal decomposition begins, and cutting off 
further heating. 

53. A method of preparing coal of the softer grades for 
its subsequent use wffiich comprises crushing the coal to 
comparatively small pieces, and heating the coal, in the 
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presence of inert gas sufficently free from air Ifo prevent 
combustion, until it has reached a temperature substan¬ 
tially throughout which is sufficiently high to make the coal 
non-autogenous but below that at which its thermal de¬ 
composition begins. 

57. As a new article of manufacture, pulverized coal of 
the softer grades freed from a substantial portion of its 
occluded inflammable gases and having its structure ex¬ 
panded to render it porous and charged with aii inert gas 
such as flue gas. 

61. As a new product of manufacture, crushed coal of 
the softer grades heated in inert gases substantially 
throughout to a temperature sufficient to drive off occluded 
gases and to render the coal non-autogenous an$ also non¬ 
explosive when in pulverized form, but below a tempera¬ 
ture at which products begin to be distilled from the sub¬ 
stance of the particular coal. 

12. Thereafter, on August 11, 1931, plaintiff, bharles M. 
Buck, appealed from the decision of the Primary Examiner 
to the Board of Appeals, which Board affirmed the rejec¬ 
tion of the Primary Examiner in their opinion dgted March 
15, 1932. 

7 13. Plaintiffs, therefore, allege that a i patent for 

said invention has been refused them by tjie Commis¬ 
sioner of Patents acting through the Board of Appeals of 
the United States Patent Office and that no appeal has been 
taken from the decision of said Board of Appeals to the 
United States Court of Customs and Patent Appeals. 

14. That the Examiners of the Patent Office who have 
dealt with plaintiff’s application have not agreed with re¬ 
spect to the patentability thereof in that in the Office action 
of May 26, 1930, the Assistant Examiner whp then had 
charge of said application indicated that there Was patent- 
able subject matter in the application in cjaim 35, if 
amended as indicated in said Office action. Thereafter, on 
August 15, 1930, plaintiff, Charles M. Buck, ajnended the 
said claim in the manner indicated by the Examiner. There¬ 
after the Assistant Examiner who theretofore! had charge 
of the case left the Patent Office and the application was 
given to a new Assistant Examiner who reversbd the posi¬ 
tion taken by the previous Examiner and held that claim 35 
as amended was not patentable. The said claim 35 as 
amended is as follows: ! 
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“35. The method of preparing fuel for its subsequent use 
as such, which comprises heating in inert gases for a sub¬ 
stantial period, crushed coal to a tempature substantially 
within a range of from approximately 250° F. to approxi¬ 
mately 450° F. and in pulverizing the treated coal.” 

8 15. That the Examiners of the Patent Office who 
have dealt with applicant’s invention have not agreed 

with respect to the adequacy of the original disclosure 
thereof; that in the Office Action of May 26, 1930, the As¬ 
sistant Examiner then in charge of the case required that 
applicant show “that the temperatures he contemplated 
when this case was filed, and which were disclosed only in a 
functional way” in the application, “are in fact the ones 
now included by the amendment”; that thereupon the ma¬ 
terial referred to in the amendment of August 15, 1930, 
was shown to the Examiner who stated that it was adequate 
to meet liis requirements, following which the said amend¬ 
ment was filed; but that the new Assistant Examiner in 
charge of the application referred to in paragraph 14 hereof 
and who acted upon the case subsequent to said amendment, 
reversed the position taken by the said previous Assistant 
Examiner and held that this material did not establish that 
the original disclosure was adequate. 

16. To more fully apprise this Honorable Court of the 
nature of the invention and application and proceedings had 
in the Patent Office with respect thereto, profert is made of 
a certified copy of the file wrapper and contents of said ap¬ 
plication as shown by the records in the United 

9 States Patent Office, said file wrapper to be produced 
as and when this Honorable Court shall direct. 

Wherefore plaintiffs pray: 

(1) That this Honorable Court may adjudge that they 
are entitled according to law to receive a patent for the in¬ 
vention of the said Charles M. Buck as specified in his 
claims or for any part thereof, as the facts in the case may 
appear. 

(2) That this Honorable Court decree that the Commis¬ 
sioner of Patents be directed to allow the said claims of 
the said application and grant to plaintiffs a patent for said 
invention. 
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(3) For such other and further relief as tfhe circum¬ 
stances in the case may require. 

CHARLES M. BUCK. 
THERMOLIZED COAL COR¬ 
PORATION, 

By FREDERICK W. MARTIN, 

Secretary. 

EDWIN A. PACKARD, 

Attorney for Plaintiffs. 

Of Counsel: 

HARVEY L. LECHNER, 

PAUL SYNNESTVEDT. 

August 29th, 1932. j 

I 

10 Verification). 

State or New York, 

County of New York, ss: 

On August 24th, 1932, at New York, New York, before 
me, a Notary Public, in and for the County and State afore¬ 
said, personally appeared Charles M. Buck who, being duly 
sworn, deposes and says that he is the Charles M. Buck, 
one of the plaintiffs named in the foregoing Bill of Com¬ 
plaint ; that he has read the foregoing Bill of Complaint and 
knows the contents thereof and that he verily ibelieves the 
facts stated therein to be true. 

[seal.] SYLVESTER J. MAG-EE, 

Notdry Public. 

Notary Public, Queens County, &c. 

11 Verification. 

State of New York, 

County of Neiv York, ss: 

On August 24th, 1932, at New York, New York, before 
me, a Notary Public, in and for the County andj State afore¬ 
said, personally appeared Frederick W. Martip who, being 
first duly sworn, deposes and says that he is Secretary of 
Thermolized Coal Corporation, one of the plaintiffs named 
in the foregoing Bill of Complaint; that he ljias read the 
foregoing Bill of Complaint and knows the contents thereof 
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and that he verily believes the facts stated therein to be 
true. 

[seal.] SYLVESTER J. MAGEE, 

Notary Public, Queens County, &c . 

12 Filed Aug. 30, 1932. 

This Agreement, made in duplicate the seventh day of 
June, 1929, between Charles M. Buck, of the Borough of 
Brooklyn, City and State of New York, hereinafter referred 
to as Buck, and Thermolized Coal Corporation, a Delaware 
corporation, hereinafter referred to as the Coi’poration, 
witnesses : 

That in consideration of the issuance to Buck and/or his 
nominees of sixty thousand shares of the capital stock of 
the Corporation as hereinafter provided, and of the here¬ 
inafter-contained covenants on the part of the Corporation 
to be performed, Buck hereby grants to the Corporation the 
exclusive license to exercise, and/or to permit others to 
exercise, all the rights that may or can be exercised under 
Buck’s applications for United States letters patent filed on 
March 28th, 1928, and May 10th, 1928, under Serial Nos. 
265,303 and 276,523, respectively, and any division or divi¬ 
sions thereof, including the inventions in the said applica¬ 
tions described, and any and all letters patent that may be 
issued upbn the said inventions, and all improvements upon 
and substitutions for the said inventions, or either of them, 
or any feature or features thereof, throughout the United 
States of America, its colonies and dependencies, and every 
country foreign thereto, wherever the Corporation may de¬ 
sire to exercise, and/or to permit others to exercise, the 
said license, upon the following conditions: 

1. The Corporation hereby covenants and agrees to issue 
and deliver as directed by Buck proper certificates for sixty 
thousand (60,000) full-paid and non-assessable shares of the 
capital stock of the Corporation, in the name of Buck and/ 
or his nominees; 

2. The Corporation hereby covenants and agrees to 
prosecute at its own expense the above-mentioned applica¬ 
tions for letters patent and all other United States and 
Canadian applications for letters patent on inventions 

covered by this license, and such other applications 

13 for letters patent on inventions covered by this li¬ 
cense as the Corporation may decide to prosecute; 
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3. The Corporation hereby covenants and agrees to exert 
its best endeavors for the purpose of introducing, develop¬ 
ing and promoting the industrial use of th^ inventions 
covered bv this license; 

4. If the Corporation will become insolvent Or bankrupt, 
or fail to perform any of the covenants above set forth, 
Buck shall have the right to terminate this license upon 
three months’ written notice to the Corporation, provided 
the Corporation will not during such three-ibonth period 
remove such cause for termination; 

5. In the event Buck will terminate this license as pro¬ 
vided in paragraph 4, Buck hereby covenants! and agrees 
to refund to Frederick W. Martin as trusteej the sum of 
Ten Thousand, Seven Hundred and Fifty Dollars, being 
the amount of cash paid or payable by personfe for capital 
stock of the Corporation at the organization of the Corpora¬ 
tion, for the payment of which sum Buck shqll use, until 
the said sum will have been refunded in full, oifie-half of all 
the amounts which Buck will receive on account of the said 
inventions; 

6. All differences, disagreements and disputes between 
the parties hereto in connection with or relating to this 
Agreement shall be settled by arbitration, pursuant to the 
Arbitration Law of the State of New York; iti such event 
each party shall name an arbitrator, and the jtwo arbitra¬ 
tors so named shall appoint a third arbitrator; if either party 
will fail to name his or its arbitrator within tOn (10) days 
after the receipt of a written notice from thej other party 
requesting an arbitration and naming an arbitrator to act 
on his or its behalf and setting forth the mdtters in con¬ 
troversy, an arbitrator to act on behalf of th<p party so in 
default shall be appointed by the then President of the 
American Arbitration Association at the request of the 
other party; in the event the said two arbitrators, however 
named, will be unable to agree upon a third arbitrator 
within ten (10) days after the naming of the second of the 

said two arbitrators, the then President of the Ameri- 
14 can Arbitration Association, upon thO request of 
either party, shall appoint such third arbitrator; the 
decision of any two of the said arbitrators shall be 
binding, final and conclusive upon both parties as to all 
questions involved in such arbitration; and i pending any 
such arbitration, the respective rights and Obligations of 
the parties hereto shall remain in full force add effect. 
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In witness whereof Buck has hereunto set his hand and 
seal, and the Corporation has caused these presents to be 
signed by its duly authorized officers and its corporate seal 
to be affixed hereto, the day and year first above written. 

CHARLES M. BUCK [seal.] 

Signed, sealed and delivered in the presence of 
S. J. MAGEE. 


THERMOLIZED COAL CORPORATION, 
By [Signature illegible], 

President. 


Attest: 

FREDERICK W. MARTIN, 

Secretary. 

15 Answer to the Bill of Complaint. 


Filed Sep. 15, 1932. 

T. A. Hostetler, Solicitor, U. S. Patent Office, for De¬ 
fendant. 

To the Honorable the Judges of the Supreme Court of the 
District of Columbia: 

William A. Kinnan, Acting Commissioner of Patents in 
the absence of Thomas E. Robertson, Commissioner of Pat¬ 
ents, defendant herein, in answer to the Bill of Complaint 
alleges on information and belief as follows: 

1. He admits the allegations of residence and citizenship 
of the parties to this suit. 

2. He admits the allegation of jurisdiction under Section 
4915 R. S.; 35 U. S. C. A. 63. 

3. He admits that plaintiff, Charles M. Buck, on March 
28, 1928 filed in the United States Patent Office an applica¬ 
tion for patent to which Serial No. 265,303 was given. De¬ 
fendant has no information as to the allegations of inven¬ 
tion and the non-existence of statutorv bars. 

16 4. He admits the allegations of assignment. 

5. He admits that the application was duly filed 
and prosecuted under the laws and rules. 

6. He admits that the examiner on Februarv 26, 1931, 

V 7 7 

refused to allow the claims presented and finally rejected 
them. 
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7. He admits that plaintiff Charles M. Buck, pursuant to 
an interview, amended the application by substituting 
claims 50 to 55, inclusive, for the claims of the Application. 

8. He admits that the examiner on March 2|7, 1931, re¬ 
jected said claims 50 to 55, inclusive. | 

9. He admits that plaintiff Charles M. Buck, I on May 15, 
1931, presented claims 56 to 62, inclusive, ahd that the 
examiner refused to admit said amendment. 

10. He admits that the primary examiner admitted the 
amendment containing claims 50, 51, 52, 53, 57 And 61. 

11. He admits that the primary examiner finally rejected 
the said claims recited in paragraph 11. Defendant fur¬ 
ther states that the said claims are held unpatentable over 
the following prior patents and publications, \jiz.: 

Michie, 1,423,134, July 18, 1922 I 

Rigby, 1,517,755, Dec. 2, 1924 
Bone, 1,594,994, Aug. 3, 1926 j 

King & Willgress, “ Primary Decomposition of Coal” 
Katz, “New Views of the Combustion of!the Volatile 
Matter in Coal. ’ ’ | 

12. He admits that plaintiff Charles M. Buck appealed 
from the decision of the primary examiner to the Board of 
Appeals and that the Board of Appeals affirmed the rejec¬ 
tion of the primary examiner. 

13. He admits that a patent has been refusjed plaintiffs 
and that no appeal to the United States Court 1 of Customs 
and Patent Appeals has been taken from thej decision of 

the Board of Appeals. 

17 14. He denies plaintiffs’ conclusions ifi paragraph 

14. It appears from the application file that the 
primary examiner on May 26, 1930, suggested an amend¬ 
ment to claim 35. Instead of making that amendment the 
applicant on August 15, 1930, made a different' amendment. 
The claim was thereafter rejected and the applicant obvi¬ 
ously acquiesced in the rejection by cancelling claim 35 and 
others on May 24, 1931. Claim 35 is therefore no longer 
in the application nor is it before the Court for consid¬ 
eration. 

15. Defendant denies that the specification describes ap¬ 
plicant’s invention in such full, clear, concise and exact 
terms as required by Section 4888 R. S.; 35 U. S. C. A. 33, 
as more fully appears from the statement of t^ie Examiner 
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and the decision of the Board of Appeals. The examiner 
in the first action on the case, on January 23, 1929 required 
clarification and that requirement was adhered to through¬ 
out the prosecution. 

16. He admits that a certified copy of the file wrapper 
and contents of said application be filed. 

And further answering defendant denies each and every 
allegation of the Bill of Complaint not herein specifically 
and sufficiently denied or admitted, and prays that plain¬ 
tiff’s Bill of Complaint be dismissed. 

Wherefore defendant having fully answered the Bill of 
Complaint denies that plaintiffs are entitled to the relief 
demanded or any part thereof and prays that he be hence 
dismissed with all costs of the proceedings against the 
plaintiffs as provided in Section 4915 R. S. 

WM. A. KINNAN, 

Acting Commissioner of Patents. 

T. A. HOSTETLER, 

Solicitor of the U. S. Patent Office, 

Attorney for Defendant. 

18 District of Columbia, 

City of Washington, ss: 

I, William A. Kinnan, depose and say that Thomas E. 
Robertson, Commissioner of Patents, is absent from the 
Patent Office and in his absence I am Acting Commis¬ 
sioner ; that I have read the above answer by me subscribed 
and know the contents thereof; that the statements of facts 
therein made as upon personal knowledge are true; and 
that those made upon information and belief I believe to be 
true. 

WM. A. KINNAN. 

Subscribed and sworn to before me this 14tli day of Sep¬ 
tember, 1932. 

[notarial seal.] ALBERT W. KAISER, 

' . Notary Public, D. C. 

My commission expires April 6, 1933. 
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Commissioner of Patents, 
Washington, D.C. 


Sir: 


Enclosed please find the papers 
constituting the application of Charles M. Buck for 
United States Letters Patent on his improvement in 
a Treatment of Coal and Other Carbonaceous Materials 
of a Similar Nature and in the Product Produoed, 

1 together with my check in the amount of $2l. to cp4er 
the filing fee thereon. 

Kindly send the filing receipt to me. 


Respectfully, 
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.. citizen _ 

I 

of the United States, ........, 


rrv'dinz at 1609 Dorchester Road, Brooklyn, 


in the County of . Kings . an g State of. . New 

York 

and whose post-office address is . 1.609 ...?o r oh ester Road, Brooklyn, 


in th© County of Kings and State of New York 


pray.R... that Letters Patent may be granted to .. him -- for th\ 

a Treatment of Coal end Other Carbonaceous Materials j 

e improvement _ in 

dT a 

Similar Nature and in the Product Produced- 


set forth in the annexed Specification. 



And _.JlQ_ hereby appotnfiCLARENCE G. CAMPBELL, of233 Broadway, New YorK, N. Y., 

Register No. 3358, _tis_ Attorney, with fall power of substitution and revocation, to prosecute 


this application, to make alterations and amendments therein, to sign his name jto the drawings, to’ 
receive the Letters Patent, and to transact all business in the United States Patent Office connected 
therewith. 

I 

Signed at ....... j -„., in the 

‘ County of.. ---—---------j. end State of 

_?! W X.9 _ this __ day 

here 

flrit name In fi 

;i) in ease of iHlgnment of the Invention, application and oath mutt 
be made by actual inventor, even If patent Ittue to auijfnce. 



SPECIFICATION. 
Co HIl HUbom it flDa? Concern: 

BE IT KNOWN, That . tj *•_,*“* 


■ul...*. 


citizen _ of the United States .— .. ....... 

residing at 1609 Dorchester Road, Brooklyn, 


in the County of— . 


Kings 


and State of _ 


Near York 


hal.9t . invented certain new and useful improvements in... ....[.. 

a Treatment of Coal,and Other Carbonaceous Material^ of a 

-gTBTaFN£^ --j- 
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My process relates to an improvement in the 
treatment of ooal and other carbonaceous materials of a 
similar nature and in the product produced by said process. 

Soft coal is ordinarily used in making 
pulverized coal which has come into tremendous demand in 
various arts in commercial use during the past few years. 

But such pulverized coal or other pulverized 
carbonaceous materials of a similar nature treated by any of 
the known methods aside from their pulverized condition are 
in their raw state in composition and structure, not having 
had any of those changes brought about therein which occur 
during the endothermic phase of combustion in preparation for 
^he gasification of their substances, and by reason thereof 
burn under difficulties and most unevenly with a variable 
flame and variable heat production and because of relatively 
high specific gravity and of tho necessity of passing through 
the endothermic phase, in preparation for gasification in the 
prooess of their combustion require an excess of air to feed 
them with the attendant uneveness of feed and mixture and heat 
developed and with resulting injury to the fire box and 
furnace linjngs. 

Also coal and other carbonaceous materials 
of a similar nature suitable for making pulverized dry fuel 
contain Methane, Ethane, Carbon Dibxlde, Carbon Monoxide and 

Nitrogen primarily, and possibly other gases in minute quan* 

r / 

titles. These gases when freed to combine with;the hydrogen 
and'! oxygen ^elements) of air are most unstable and the fuel has 
a tendency to spontaneously oxidize, ignite, combust, explode 
and deteriorate. This tendency is greatly increased as the 
exposed surface of the coal is increased by coranlnutlon or 
pulverization. 


23 
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19 Order Substituting Defendant. 

Filed Oct. 12,1933. 

# * # * # # j # 

I 

Upon consideration of the motion filed by plaintiff herein, 
it is herebv ordered this 12th dav of October 1933, that 
the Honorable Conway P. Coe, Commissioner bf Patents, 
be substituted as defendant for the Honorable Thomas E. 
Robertson, formerly Commissioner of Patents. I 

F. D. LElTTS, 

Justice . 

. 

(Here follow photolithographed pages 20 to! 23 inc.) 

I 

| 

24 My process is adapted to overcome these inherent 
chemical and structural difficulties, comijnon to coal 
and similar carbonaceous materials and more particularly 
in the form of pulverized dry fuel where this} problem is 
tremendously increased. 

My process is adapted to prepare coal or other similar 
carbonaceous material in a finely divided forfii primarily 
for immediate gasification and also prepare it so that it 
is stabilized against spontaneous combustion o,r deteriora¬ 
tion and made unusually suspensive by a redaction of its 
specific gravity so that it can be fed without excess air to 
a fire under low pressure air current and b<J suspended 
thereby during its complete combustion in a j short flame 
insuring complete combustion because of its preparation 
for immediate gasification. 

The fuel thus prepared according to my proqess can also 
be stored, handled and transported with safety! at all times 
free from the danger of spontaneous combustion and also 
free from the possibility of deterioration because of its 
stabilization thereby overcoming the difficulties and dan¬ 
gers of the ordinary pulverized coal of commence and fur¬ 
nishing a fuel many times more efficient because of its 
preparation for immediate gasification under ljow pressure 
air current in carbureting it into the fire. 

The product of my process burns with a perfect short 
flame and so that all of its heat value is generated or re- 
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leased without any excess air bv which condition the heat 
generated or released tarries for maximum absorption and 
utilization and the furnace linings are protected and not 
abraded. 

(Here follow photolithographed pages 25 and 26.) 

27 outlet end of heating chamber 11 to the lower end 
of a continuous conveyor 20 of usual construction 
adapted to lift the fuel 3 and drop the same into a hopper 
21. A pipe 22 leading from the bottom of hopper 21 leads 
the fuel into a final comminuter or ball mill 23 of usual 
construction and the pipe 15 also connects to the inlet end 
of comminuter 23 and a pipe 24 connects to the outlet end 
to cany the processed fuel 3 into a collecting hopper 25, 
which has an outlet 26 at its lower end. Hopper 25 is 
preferably of a closed type and an outlet pipe 27 leads 
from said hopper 25 through a blower 28 of usual con¬ 
struction, thence through a capped outlet 18 at its 
upper end. 

The conveyor 20 is rigidly mounted on a frame work 29 
which also supports the hopper 25 and connections. The 
comminuter 23 has a gearing 31 rigidly secured thereto 
to which there is a connection to a source of power, all of 
which is not shown and which is adapted to rotate the 
comminuter 23 which is supported on brackets 34 so as to 
rotate freely thereon. A driven pulley 32 through belt 
connection 35 is adapted to drive the continuous conveyor 
20, said pulley 32 being driven by a suitable connection 
with a source of power, all of which is not shown. The 
frame work 29 and brackets 34 and the heater 12 are all 
set up on the base or floor level 33. 

(Here follows photolithographed page 28.) 

29 ing chamber 11. The fuel in the hopper 21 may or 
may not be subjected to contact with air as it may 
be confined to contact only with non-combustible gases 
through the pipe connection 36 as may be desired. The 
fuel 3 then passes on into the finer comminuter or ball 
mill 23 where it is further pulverized preferably while 
still hot until it is sufficiently fine and suspensive to feed 
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In carrying oat my process I prefer to 

| 

treat a quantity of (ordina ry coal of comjmerceAor otter 

similar carbonaceous material and feed the same mixed with 
st ack or ron -combustlblo gases ipto a c rushe r or oomminuter 

then into a heater where a temperature is maintained suffi-' 

' I 

cient to bring the entire mass of the fuel treated to the 
po int of gasifieatloj a^ and maintaining in said fuel an excess 
of said non-combustible gases free from air.! I then cool 

the material in the presence of an excess ofjnon-combustible 

| 

\ 

gases and free from air\below the combustiori point in order 

to congeal any oils or sticky substances which may have been 

I 

softened during said comminution and beating. I then effect 

j 

a much find er comminution or pulverization of said material 
preferably while still hot whereby the coal I or carbonaceous 

I 

» - 

material which has been substantially expanded in the said 

| 

heating is pulverized to a point where it can be readily* 

! 

carried mixed with air on a low pressure aiir current being 
thus made very suspensive. 

I have found it desirable but do not state 

j 

it as essential that the coal or carbonaceous material be 
washed by stack or non-combustible gases prior to feeding it 

into the heat treating and expanding chamber and also at the 

I 

end of the process it will be desirable to collect the 
resulting product in a suitable hopper fr<^m which it may be 
fed for distribution or transportation.*, j 


—5— 
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In order to clearly illustrate my process 
and the means for carrying out the same I show herein an 
illustrative device in a single Figure drawing adapted for 
this purpose. 

In the drawing 1 Is a feed hopper rigidly 
mounted on a frame work 2 in which coal or carbonaceous 
material S is dumped so as to feed at the bottom through 
the opening 4 Onto a continuous conveyor 5 of usual construe* 
tion which carries the coal 5 to a washer column 6 of usual 
oonstruction into whioh is fed at 7 non-combustible gases so 
as to wash the fuel 5 as it passes therethrough. A vent I* 
lacing pipe 8 leads from the oonveyor 5 near the head of the 
washing column 6 so as to carry off the free combustible 
gases and moisture. A rotating crusher and feeder 9 of 
usual construction is adapted to crush and feed the fuel 5 
into one end 10 of the heating and expanding chamber 11 of 
usual construction and a heater 12 of well known construction 
is mounted under and around the chamber 11 and a stack pipe 
IS leads from said heater and covering 12 enoasing the 
chamber 11. The blower 14 of usual construction draws off 
the gase3 through the stack pipe 15 to whioh are also secured 
the pipes 7 and 35. Exhaust pipe 16 having a blower 17 of 
usual construction mountwd therein is also mounted at the end 
10 of the heating chamber 11 to draw off explosive gases and 
moisture from the fuel 5 which are freed in the heating 
chamber 11. The pipes 8, 16 and IS all have the usual hooded 
outlets 18 at their upper ends. A pipe 19 connects the 
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In carrying out the process In the above 
described device the fuel 3, fed Into the hopper 1, is fed 

forward by the conveyor 5 to the washer 6 and,the stack or 

* 

non-combustible gases coming through pipe 7 up through the 

, 

'-washer 6 permit the moisture and explosive gases thereby 
washed out of the fuel 3, to pass out through the exhaust 

pipe 8. The fuel then continuing on through the crusher and 

I 

feeder 9 is fed into the heating and expanding chamber 11 
which is continuously rotated and further moisture and ex- 
*°_plosive gases are drawn off through pipe 16 a^d the stack 
gases from the fire of the heater 12 pass thrjough the 

. 

heating and expanding chamber 11 and pipe 13 [so as to cirou* 

>. late through thd other parts of the apparatuh through the 

pipe connections as indicated. The fuel 3 is not onlWheated 

so as to drive off the moisture and also the jimprisoned 

explosive gases, but is heated to a pointy sufficient to sub* 
-- 

/ stantially expand the same and produce those changes in its 

r . I 

composition and structure which occur during the endothermic 


'V i 


v 


— 


phase of combustion and are neoessarily preliminary to and 
Ln preparation for its gasification and exothermic oxidation 
and then passes from the heating and expanding chamber 11 
into the endless conveyor 20 whioh carries lt| up and empties 
it into the hopper 21 being oodled while carried through the 
conveyor 20 and further cooled to below the combustion point 
when combined with air in the hopper 21 so ah to oongeal the 
liquid oils and stioky substances of the fue^. 3 whioh have 
been caused by the heat treatment in the heating and expand* 
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4 
H' 


ing air from the fuel i a by the use of staok gaseo or 
non-combustible gases so as to prevent the oontaot of air 
or the mixture of the same with the fuel and the explosive 
gases mixed therewith. Iffy pfooess ha*'”therefore been worked 
out in such a manner as to prevent the contact or mixture of 
air with the fuel during the heating and ooollng of the 
same in order to prevent suoh oxidation, ignition, combustion 
or explosion of the fuel. 

My process consists in crushing and heating 
coal or other carbonaceous material of a similar nature in 


?>„• 4 


i 


i 1 the absence of air and in the presence of non-oombustlblo 

1 T** * ~ a — ^ ’ 1 ~ 

! gases up to the temperature of the thermal decomposition and 
1 gasification of the substances of—said materials'and drawing 


off-an moisture and eliminated gases and expanding said 
material to substantially reduce its specific gravity; them 
cooling said mass. In the pres ence jof non-combustible^gases 
and in the absence of air until below combustion temperature 




t 

I 

; ( i 1 to a point sufficient to congeal the softened oils and stioky 

\j 

* substancee therein; then finely comminuting said mass prefer* 

i \ ~~~ - 

j V ably while hot until it is sufficiently fine and suspensivo 


V \ \to feed into a fire suspended in a low pressure air current 

The fuel thus prepared by my process immed* 


P 

1 






lately gasifies and exothermically oxidizes in the process 
of oombustion and due to its immediate gasification and exo¬ 
thermic oxidation and suspensive quality it requires only a 
1 low pressure air ourrent to oarairet it and deliver it into 


-- 8 - 
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a combustion space and suspend It during itsj complete 

i 

oo® bust ion where all of Its best ealue Is generated or 

j 

released so that without any exoess air the heat that 
generated or released tarries for maximum absorption and 

I 

utilization so that the fumaoe linings are protected and 
not abraded. 

The prime eharactexistio of fuel treated 

by my described prooees ie that it completely horns with -« 

immediate 

short flame due to its immediate gasi float ion and/exot herplo 
oxidation oomhined with ite unusual suspensive quality 
whereby It may be automatically regained and controlled so 
as to vary and synchronize with the load or amouat of heat 
required. And it ie to be further noted that the fuel thus 
processed is substantially free from the ordinary hazards of 
Spontaneous oxidation, ignition, oapbostion, explosion end 
deterioration. 




i 


i 
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I claim: 


' 'f ! 


r 

yt* 

trV 

& 4- ' 
> $ 
Vj* ' 

Y \y 


^ « 


1. A new Article of manufacture comprising 
coal^in comminuted form prepared toi immediate gasification*, 






2 . 


of a fuel/ofy a natu 


A new article p f manufacture consisting 
;^re similarAtc/ ooal ^ r ee'cKfroin'^ ea^ilosive 


gases ana^prepared-for immediate gasification. 


/* 


. \n 




/Vl 

jfk ^ 




/ / S. A new articlcnof manufacture consisting 

,^wC / \ 

of a dry^ fuel having all element si removed *hich cause epon* 

taneous combustion and prepared foV immediate gasification^ 
Tn Ltabuf luJL' \ 

'[H/ A new article of manufacture consisting 

of a fuel of a carbonaceous material similar to coal in an 
expanded comminuted form free from explosive gases and pre« 
pared for immediate gasification. 

5. A new article/of manufacture consisting 
of a fuel of a dry carbonaceous Material stabilized against 
spontaneous combustion and prepared for immediate gasifica* 
tion. 

6. A now article of manufacture made from 
coal comprising a fuel in whldh have been produced those 
changes in it? composition and structure which are prelimin«* 
ary to and in preparation foa the thermal decomposition and 
gasification of its substance. 




7. A new art' 
material of a similar nature 


t'lcle Jt i 

*e \o ooal 




manufacture made from 
comprising a fuel in 
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which 


l 


tLe-\ 


> 060 . 


\ 

s^^thoTO'Changes in its Composition and 
structure which are preliminary to and in preparation for 
the thermal decomposition and/gasi float ion of its substance. 

8. A process for the treatment of coal 

» \ / 

comprising the siinjecting of said oosl to a temp eratu re 

' \ / 

sufficient to expand said goal and drive off -ell moisture 

and explosive gases therefrom and comminuting said expanded 
coal all in the presence of an excess of non-oiplosive 

gases and in the absence/of air. 

v 

9. 


carbonaceous material 
temperature suffleien 
moisture and 


process for the treatment of a dry 

! 

istlng of subjecting |the same to a 
xpand the same and cjrive off-ali" 
explosiv^fe gns^p therefrom both occluded and 


tc 


otherwise conaninuting said expanded dry carbonaceous mater¬ 


ial all in the 


nee of am excess of non-explosive gases 


and in the absence jot air. 

f 

10. A procesV for the treatment of mater¬ 
ial of a similar pature to ceA comprising the su bjecting of 
said material to/a temperature sufficient to expand the seme 


and drive off 


f ail 


/ 


moisture and explosive gases therefrom and 


oonmlnuting seijd expanded material an\j after cooling further 
pulverizing thC same, all in the presence of erj execre of 
non-explosive gases and in the absence Af air. j 


11. A process for the\ treatment of a dry 
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carbonaceous material Consisting of subjecting the same to 


a temperature suffioientwto expand the same and drive 
moisture and explosive ga^es therefrom both ooolnded and 
otherwise and comminuting mid dry expanded carbonaceous 
material and ^ffeer oooling further pulverizing the same, mil 
in the presenoe of an exoess Cf non-explosive gases and in 
the absence of air. \ 


12. A process for the treatment of ooal 
to~produce therefrom without l ops of any sub stantial portion 
of the heat value of the same al substantially uniform 
comminuted stable product. 

I 

IS. A procesi for the treatment of coal 
to produce therefrom without liss of any substantial portlor* 
of the heat value of the same k substantially uniform 


comminuted stable product »adw for immediate gasification. 


14. A process for the treatment of coal 


to produce therefrom without ^.oss of any substantial portion 
of the heat value of the samej a substantially uniform 
comminuted stable product ready for immediate gasification 
and sufficiently suspensive t!o feed into 'fe fire on a low 
pressure air current. 


15. A process for the treatment of coal 



to produce therefrom without loss of any substantial portion 

of the heat value of the same: a substantially uniform 

. » 

comminuted stable product in which the molecular structure 
has been changed to make said product highly suspensive in a 
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low pressure air current. 

16. A process for the treatment of coal 

J 

to produce therefrom without loss of any substantial 
portion of the heat value j>f the same a subst«|ntially 
uniform comminuted stable product in which said product has 

L I 

been subject tc the decomposing and altering effect of 
heat preliminary tc the actual ccir.busticn of Said product. 

j 

17. A process for the treatment of coal 
to produce therefrom without loss of any substantial portion 
of the heat value of the sAme a substantially j uni form 

comminuted stable product ifeady for immediate igasifieaticn 

j i 

and sufficiently suspensive to feed into a fire on a low 
pressure air current and which product is adapted to be fed 


automatically tc produce a 


uniform short flame. 


18. A process for the treatment} of coal 
to produce therefrom without loss of any substantial portion 
of the heat value of the saime a substantially uniform 


comminuted stable product s|atcrated with non«4 0lE buatlble 

r 

gas. , 


19. A process for the treatment of coal in 
comminuting it which consists of washing said Jeoal with a 

i ! 

non-combustible gas, crushing the same to fine granules 
approximately uniformly and isimultaneously raising the tem- 

I 

perature of the entire mass !of'feach particle qf said material 
approximately to tbe'po'iht otf drstill atlon in kbe absence 
of air and*saturated with -a. ton-combustible gajs, cooling 


n. 

Q 




\ 
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said coal to below the combustion point in the absence of 
air and saturated with said gas, comminuting said coal 
preferably while hot to the desired degree of fineness and 
separating and collecting said comminuted product. 

20. A process for the treatment of carbon* 
aceous materials of the natire of coal comprising commin¬ 
uting them, washing said mat erials with a non-combustible 
gas, cruehing said materialu in a bath of said gas, 
approximately uniformly and simultaneously raising the 


temperature of the entire m^ss of each particle of said 
materials approximately to j;be point of eorcbustion in a bath 
of 3aid gas, cooling said particles to below the combustion 


point in a bath of said gas, comminuting said particles to . 
the desired degree of finer ess preferably while hot and 
bathed in said gas, and sej arating and collecting said 


•omminuted product saturated with said gas. 


21. A process for the treatment of coal in 

comminuting the same which consists of washing said coal 

. 

with a non-combustible gas, orushing said coal to fino 
granules in a bath of said gas, approximately uniformly 
and simultaneously raising the temperature of the entire 
mass of each particle of said coal approximately to the 


point of distillation in £ bath of said gas, cooling seld 
particles to below the ooicbuation point in a bath of said 
gas, comminuting said par;icles to the desired degree of 
fineness preferably while! hot, washing said comminuted 


product with air, end separating and collecting it. 
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Un £estunon\> Mtereof.i „ *m x — s. 

presence of two witnesses. 




($m» here. Fi«st tune la fulld 


(.Two witnesses tlrii here.) 


OATH 


State of New York 


County of New York, 


=} 


l.W 


the above-named petitioner ., being duly sworn,depose8.-and sayS . that _..__.. 

citizen _ of (i ) th e Pn lte d St at ©8 of Ameri ca _I _ 

and resident , of 1 60& Dorohee ter Roa d, Brooklyn, in the C ounty of _ 

Kings and State of New York 


. I 

that.. ™... verily believe ©... hi® s.©?-..? > _ to be the original , first , and ( 2 )_ ®Sl.®_ 

i 

inventor _ of the improvement... „ in _I- 

a Treatment of Coal and Other Carbonaceous Materials of a 


I 

Similar Nature and in the Product Produced, j 


i 

described and claimed in the annexed specification; that _&•... doQ* - -not know and doJQ.1L. 

not believe that the same was ever known or used before _- ..invention or discovery 

thereof , or patented or described in any printed publication in any country before -hlft- 

invention or discovery thereof , or more'than two years prior to this application , or in public 

I 

use or on sale in the United States for more than two years prior to\ this application; that 

i 

said invention has not been patented in any country foreign to the United States , on an 

application filed by __ or _hlfi_ legal representatives or assigns more than 

twelve months prior to this application; and that no application for patent on said improvement 


has been filed by.. 


_ h l“_or. 


to the United States; ( 3 ).. 


... _ representatives or assigns in any country foreign 



(Stow here / 

Fimt tume In Fou/> 


Sworn to and subscribed before me this .&7tJbL. day of. .J. March.. 


(Seal here. U> he Impressed} 
l In paper. J 


'IK*'* 


gnatured 


il Character.) 


19-28 


■NOTE — Acknowledgment should be made before a Notary Public, who mutt affix kit teal. If 
provided with a seal, the Certificate of the Judge or Clerk of County Court must be affixed, showing 01 


If executed before an officer not 
official charaAer of sack officer. 


(1) If the applicant ha an alien, the oathmust show of what foreign or (3) If any application for foreign patent haa been filed twelve months prior 

sovereign sate he Is a cltlren or subject. . to this application, applicant will be required before Issuance «f patent 

(«) “Jolof or T *Sole." 


to this application, applicant will be required before Issuance et patent 
tO.ahow that no patent has becnl granted on application so died. 
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315 *•» SYHrAH 

Department o^ommerce 

UNITED STATES OFFICE 

Washington 

Please And below a communication from the EXAMINER in 
charge of this application. 



Piftr No. c 

AS. 


ukwUiinUMi 
<turfr 


£W 

wmi 


Of O 11—MUJ 


C Zbdsz, ^ ^ . 

CommiMtiorur of PaienU. Applicant £*^16S M. Buck 



Clarence C. Campbell 
233 Broadway 
Hew York, N. Y. 



Ser. No. 265303 
Filed Mar. 28, 1928 
For TREATMENT 0? COAL AND OTHER 
CARBONACEOUS MATERIALS OJ A 
SIMILAR NATURE AND PRODUCT 

PRODUCES 


References cited: 



Suter 

Rigby 

Bone 


932,727 

1,219,135 

lv594,994 


Aug. 31, 1909 202 

Mar. 13, 1917* <202 - 
Aug. 3, 19~2b 44-1 


jj-. Page 1, line 12, "endothermic phase of combust ion" is 

J l * not conmon ly known in the art. Applicant -is required to clarify 


this•term. 

Page 6, lines 15-20, the temperature at which this 
heating is carried on is required. 

. Page 8, line 14, cancel "all"; line 12, this tem¬ 
perature is required. 

Claim 1: This is nothing more then a claim for 
"pulverized coal". 

Claims 1-7 are informal and functional. They do not 
define the article of manufacture claimed. 

Claims 12-18 ar§ functional, and informal. The 
process is described only in terms of the results to be 
accomplished. 

Claims 8, 9, 40 and 11 are either misdescriptive or 
inoperative or incomplete, for not positively, reciting the 
cooling step. As worded, it would seem that applicant i3 
comminuting the hot coal which would require that the sticky 
substances were in their most adhesive condition. 
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into a fire under a low pressure air current. |Bv means 
of the blower 28 the fuel 3 is then drawn frofn the fine 
comminuter 23 through the pipe 24 into hoppdr 25 from 
which it may be drawn ready for use through tjie opening 
26 in the bottom of hopper 25. j 

It will be understood that the non-combusj;ible stack 
gases from the heater 12 are kept in constant jcirculation 
and contact with the fuel 3 while it is passiiig through 
the washer 6, heating and expanding chamber ill and con¬ 
veyor 20 and may also, through the pipe connections as 
shown, be kept in contact with the fuel 3 through the cool¬ 
ing hopper 21 and the fine comminuter 23 and into the 
hopper 25. 

The fuel being treated, as is well recognizedj is subject 
under normal temperature conditions to spontaneous com¬ 
bustion because of the mixture of the free combustible and 
explosive gases with air and my process because of heat 
application therefore necessitates the exclusion jof air dur¬ 
ing the heating and cooling of the fuel in order to prevent 
such combustion. The most simple and surqst way of 
exelud- 

i 

i 

i 

(Here follow photolithographed pages 30 toi38 inc.) 

39 Coal in its usual form would be impossible to dry 
without coking the exterior of the lumps, j Even then 
it would be difficult to dry and drive off explosive gases in 
the interior of the lumps. 

Bone cites a process of drying and driving off explosive 
gases in the presence of an inert gas. It would not con¬ 
stitute invention to include a pulverizer in this combination. 

Suter discloses an apparatus in which fuel i$ dried and 
ground in an inert gas. Any of the process claims of the 
applicant would read on Suter ’s disclosure. 

Rigby discloses this drying process to produce the prod¬ 
uct of the applicant. 

The process claims are not patentable oveh the refer¬ 
ences cited. 

Claims 1-21 are rejected. 

V. T. RICHlRD, ' 
Examiner. 
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40 [Stamp:] U. S. Patent Office, Mail Division. Jun. 
13, ’29. 

[Stamp:] U. S. Patent Office, Division 59. Jun. 14, 1929. 
[Stamp:] U. S. Patent Office, Docket Division. Jul. 16, 
1929. 


In the United States Patent Office. 


In re Application of Charles M. Buck. Treatment of Coal 
and Other Carbonaceous Materials of a Similar Nature 
and in the Product Produced. Filed March 28, 1928. 
Serial No. 265,303. 


Substitute Poiver of Attorney . 


I hereby substitute Svnnestvedt & Lechner, (a firm com¬ 
posed of Paul Synnestvedt and Harvey L. Lechner), of 1015 
Chestnut Street, Philadelphia, Pennsylvania, whose regis¬ 
try number is 11101, substitute attorneys in the above en¬ 
titled application, and revoke all previous powers. 

1 CHARLES M. BUCK. 


Accepted Jul. 16, 1929. 


T. E. ROBERTSON, 

Commissioner . 


(Here follow photolithographed pages 41 to 45 inc.) 

46 overcome the Examiner’s criticism as to informalitv 
and as to being functional. They are now believed 
to be proper article claims, notwithstanding that they em¬ 
ploy terms of process, this being permissible under the 
authorities. 

As to daim 1 being nothing more than a claim for pul¬ 
verized coal, as amended, it clearly distinguishes from the 
same. It is pulverized coal which has been pretreated by 
a heating, bringing it into condition for immediate com¬ 
bustion. 

As to claims 8, 9, 10 and 11, it is not always necessary 
that the cooling step be employed before pulverization, and 
hence applicant is believed to be entitled to a claim which 
does not include the cooling as a step before pulverization. 

With respect to the reference Bone, it is quite clear that 
the essence of his invention involves heating the coal at a 


•s JUL 2 29 ♦' 

PAUL »VMJ«fc*TyCOT ' 
HARVCV L. LCCMMC* 


No-. 6261 

Thermolized Coal Corp. et al. 

Appellants, i 

vs. 

Conway P. Coe, Comr. of Patents, j 

„ . I-:-—, 

Uis. PATENT OFFICE 

I JULilSJSj^., 

; j MVXIO.-: :.9 OLA ■ 

CA.Lt UMIM MIMjn* 
ICMO CHESTNUT .TWCCT 

PHILADELPHIA 


LAW v O{.. ICCS OF 

SYNNESTVEbT &. LECUNEH 

PATENTS ANd VaTCNT <- 

TRADE VaR KS 


July 1 , 19^29. 


In re ; Application of 
Charles M. Buck, 

TREATMENT OF COAL AND OTEfiP 
CARBONACEOUS MATERIALS OF A 
SIMILAR NATURE AND IN THE 
PRODUCT PRODUCED, 

Filod Maroh 28, 1928, 

Serial No. 265,303. 

Div. 59 - Room 315. 


I 


i 

nary 23, 1929, 


Hon. Commissioner of Patents, 

Washington, D. C. 

Sir:- 

Respondlng to the Office aotion of Janu&l 
the applicant amends as follows: 

With referenee to the question raised with respect 

I 

to page 1, line 12, it is belioved that the speo^fioatlon, 

I 

considered as a whole, makes the term "endothermic phase of 
combust ion*, as employed by the applicant, quite! dear. 

i 

As indleated in the specification, certain heating 

I 

of tho coal is required before combustion really begins. Af- 
ter combustion begins, of eourse, the re*otlOE| le exo¬ 
thermic. Before that the ooal absorbs heat and ciertaln 

structural changes take plaoo - also as fully polinted out 

I 

In the specification - to effeot which changes thjere is an 
absorption of heat without a rise in temperature, in analogy 
to what occurs with water, where there is the latent heat 
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of evaporation, and In analogy with, what occurs when heating 
steel, for example, where certain changes take place without 
a rise In temperature, although heat Is absorbed. 

What the applicant has done is to employ the term 
"endothermic phase of combustion" as relating to that part 
of the prooess which takes plaoe before combustion actually 
begins and before the exothermic reaction occurs. 

Reconsideration of the requirement Is asked, al¬ 
though, If the Examiner still believes that a further state¬ 
ment would be helpful to the specification, the applicant 
is willing to comply. 

IN THE SPECIFICATION: 



Page 6. 

/ 

,/Line 16, after "point" Insert/ ^(approximately— 
from about 250 degrees to about 450 degrees Fahrenheit, de¬ 
pending on the .particular fuel). 






t y 

.v 


Page 8. 

.4 


Line 14, cancel "all". 

-. With respect to line 12, the requirement for tempera- 

V ture indication is believed to be satisfied by the amendment 

« r 

if S’ to page 6 in which temperatures are specified. 

' ^ > V ^ IN THE CLAIMS: 

^ .V 


\> 


vA 






Claim 1. 

/ 

i/Change the period (.) to a comma (,) and add —by 
heating—. 

Claim 2. 

vy' Line 2, oancel "freed from" and insert —heated 


to free it of- 


- 2 
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/Line 3, change •prepared* to —prepare it—. 
Claim 'Z. 

t/Line 2, after "dry* Insert —solid—. 

/ 

cLaat line, ehange the period (•) to a ooama (,) and 
add —by heating previous to use—. 

Claim 7. 

7 j/ 

(/Line 3, change "hare* to —has— and change ■prodnc- 
ed" to —heated to^produce—• 

Claims 8 and 9. 


jhd, f rf: 


/Line 3 of eaoh claim, cancel "all”. 
Claim 10. 

> Line 3, oanoel "all". 

Claim 11. 

/ / 


/y / 

^/Cancel claims 4, 5, 6 and 12 to 21 ln&uslTe, ^and sub¬ 


stitute therefor the following: 


(fty 


\ —22. As a new art 1 ole of manufacture, a prepared . 

AL , . jT i ' L o*A. 

fT) fuel comprised of solid Oarbonaoeoua^ material heated appr oxi- 
^ ^ mately to and not materially beyond/the po int at which heat 
p— is absorbed without rise in temperature. 

23. As a new article of7manufacture, a prepared 
^ fuel comprised of solid carbonaceous material heated approxi¬ 
mately to and not materially beyond the point at which heat 
is absorbed without rise in temperature, said fuel being in 
comminuted form. / 


24. As a new article of manufacture ,j a prepared 
fuel comprised of ooal heated approximately to slnd not 
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(jV $ 


materially beyond the point at which heat Is absorbed without 
rise In temperature, said fuel baling in oomminuted form. 

25. As a new artlole of jqfanuf acture, a prepared fuel 
comprised of solid carbonaoeous material which has been heat¬ 
ed approximately to and not materially beyond the point at 
whloh such material in untreated/form must bo heated before 
combustion takes place when burning it. 

26. As a new article qff manufacture, a prepared fuel 
comprised of solid oarbooaoeot^ material which has been heat¬ 
ed approximately to and not materially.beyond the point at 
which thermal decomposition begins to take place. 


27. The method of preparing/fuel for its subsequent 

' C^wOw 


use as such, whioh comprises heating solid, oarbonaoeous.ma- 



4 



« 


i 




terlal approximately to and not materially beyond the^ point 
at which heat is abaoroed without rise in temperature. 

28. The method of prepares fuel for its subsequent 
use as suoh, which comprises heading solid oarbonaosous mar 
terlal approximately to and not paterially beyond th 
to which suoh material in untreated form must be heated be¬ 
fore combustion takes plaoe whqb burning it. 

29. The method of preparing fuel for its subsequent 
use as suoh, which comprises pasting solid oarbonaosous ma¬ 
terial approximately to and iot materially beyond 
to whioh suoh material in untreated form must be headed be¬ 
fore eombustlon takes place when burning it, and in pulveris¬ 
ing the material so treated. 


- 4 - 
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(M 








30. The method of preparing fuel fcjr its subsequent: 
use as- such, Which oomprises heating solid ^arboi^egns ms^ 
terial approximately to and not W&erially beyond thej ^ o iat r 
to which such material in untreatid fora most be heated be¬ 
fore combustion takes plaoe when/burning it, ^lja cooli n g the 
mate rial so treated and in pulverizing the treated material. 

31. The method of preparing fuel for its subsequent 
use as suoh, which oomprises physically dividing solid carbo¬ 
naceous material into relatively small pieoeSj.heating such 
pieces approximately to and apt materially beyonq the^ paint - 
at which thermal decomposition of material tjegins. to take 
plaoe and then in pulverizing the material. I 

- f —-:---- 

32. The prooess of pulverizing/ooalj which consists 


in dividing the ooal into relatively 


LI pieces, in heat¬ 


ing. such ooal approximately to and not /mat*. -|* xly beyond the 
pe y^ at^s&lch thermal decomposition ^hereof begins to take 
place, and then in pulverising the material.! 

33. The process of pulverizing ooal! which consists . 
in dividing the ooal into relatively/ small jjleees, in heat¬ 
ing, suoh coal approximately to and not materially beyond the 
thermal deoomposit tjn thereof begins to take 
place, and then in pulverizing the/material after first cool¬ 
ing it.— / 


HIXiEKS 


Reconsideration of the oase as amended Is requested. 
Claims 1 to 4 inclusive and 7 have been amended to 
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In this case your power of attorney has been accepted. 


Respectfully. 
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Clarence 3i Campbell 
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New fork, N. Y. 
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Synnestvedt & Lechner 
I 0 I 5 Chestnut Street 
Philadelphia, Penna. 


Amended July 2, 1929 


C. la. Buck 

2 65^03 

Mar. 28, 1928 


Ser. No. 

Filbd 

F ° r TREATMENT OF COAL & OTHER 
CARBONACEOUS MATERIALS OF A 

SIMILAR NATURE & IN THE PR) DUCT 
PRODUCED. j _^ 

*viailT5"x\ 


■EB 361890 


The term "endothermic phase of combustion" Us- 
objeoted to. Either this term should he cancelledjor a,.reference, 
from the literature defining this term should be ^iven. 

Claims 1-3, 7 and 22-26 are indefinite in tlje defining 
of the product claimed. They also attempt to defiiie the product 
by the-, process of making it. This is not ordinarily permissible. 

Claims 8-11 and 27-33 are also rejected as being 

i 

Indefinite as to the temperature used and as functional. 

Claims 7 and 10 is inderinite and of undue lireadtn as 
to "similar nature to coal". 

1 

I 

Claims 8-11 and 29-33 are aggregative as to the step of 
pulverizing. This has no cooperative action with the fuel 
improving process of the applicant but is merely a!matter of 

judgment determined by the particular apparatus in|which the 

. 

fuel is to be consumed. As this pulverizing step is non-essential, 

I 

it has no weight in distinguishing the claims overjthe references. 
The process of the applicant is merely draw^ to the heat- 

. 

ing of coal up to the point at which it will bum. j This is common 

. 

in the ordinary furnace where coal is heated up to I that point 
altho. as a rule the heating continues. The claims are merely 

drawn to this preliminary step of heating coal up ?o its kindliig 

. 

temperature. The negative limitation used by the applicant la 
not considered. 
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range which is well beyond the temperature at Which ther¬ 
mal decomposition begins. In fact, he would obtain some¬ 
thing close to low temperature distillation, if hot actually 
low temperature distillation. It is quite clear fW>m a read¬ 
ing of Bone’s specification that he does not either appre¬ 
ciate or regard as important those changes Which occur 
from about 230° Fahrenheit to about 450° Fahrenheit. 
His goal is above 482° Fahrenheit and below 75^° Fahren¬ 
heit, and he contemplates a process at which g^ses “ cease 
to evolve from the coal”, which is quite different from 
applicant’s concept. 

Suter merely discloses a drier and Wrigley tnerely con¬ 
templates the drying of lignite preparatory to briquetting, 
followed by a further drying. There is nothing in either 
of these two references which discloses applicant’s inven¬ 
tive concept. 

47 Hence, it is submitted that the process claims, both 
old and new, are patentable over the references. 

The new article claims are also believed to bd patentable 
for reasons fully pointed out. 

Respectfully, 

‘CHARLES M. BUCK, 

Bv SYNNESTVEDT & LECH^ER, 

attorney s. 

HLL/R. | 

| 

(Here follow photolithographed pages 48 and 49.) 

i 

50 Regardless of the specific temperature range the 
applicant has disclosed by his amendment, his 
process does not differ from Bone who heats (f»nly enough 
to expel water, carbon dioxide and monoxide ahd it is pre¬ 
sumed Methane, Ethane and Nitrogen, if aijy (page 1, 
lines 9-12). These are all well known gases knd will be 
driven off by heating. Applicant, page 3, line j 7, discloses 
that he heats to the “point of gasification”. Bone, page 1, 
line 6, discloses that he heats to the point at which destruc¬ 
tive distillation begins. See, for instance, Claim 26 of the 
applicant. If the applicant distinguishes from Bone by 
temperature range he is asked to insert clainjis which do 
specify his particular range of temperature. In view of 

2—6261 a 
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Bone, it cannot be seen that the present claims are 
patentable. 

The low temperature of the applicant is but slightly 
above the boiling point of pure water. His process thus 
does not distinguish from the drying of carbonaceous fuel 
by hot gases as shown in Bigby. 

Claims 8-11, and 27-33 are rejected for lack of utility. 
To overcome this ground, it will be necessary to show by a 
competent authority that his fuel has greater fuel value or 
utility than the same original coal which has been dried, 
for instance, in Bigby’s process. It is seriously questioned 
that coal which has been heated to a certain point and then 
cooled before use has any advantage over coal that is heated 
to this point in the process of its being used. This theory 
is unreasonable and demands proof. 

Claims 1-3, 7-11 and 22-33 are rejected. 

V. T. BICHABD, 

Examiner. 

(Here follow photolithographed pages 51 to 54 inc.) 

55 apparent that there is a stage during which it is 
necessarv to heat the coal to drive off moisture, 
occluded gases, effect certain physical changes, and per¬ 
haps some minor chemical changes, and the further heat¬ 
ing to the point at which ignition takes place. IJp to this 
point heat is being absorbed and that phase of the process 
of combustion is endothermic. After this point the process 
is exothermic. 

The applicant’s specification makes quite clear the sense 
in which he is using the term, and it is, therefore, not 
thought to be objectionable. 

In view of the Examiner’s criticism as to indefiniteness, 
a number of the claims have been canceled, certain of the 
claims have been amended, and some new claims have been 
added. 

Before consideration of these claims, however, attention 
is called to the accompanying affidavit with attached report 
of tests conducted with applicant’s fuel. 

A consideration of this affidavit and of the report of tests 
it is believed will satisfy the Examiner as to certain of the 
technical questions raised. 
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Responding to the Offioe action of February 26th,1930 


applicant amends as follows: 


IS THE CLAIMS: 

/ ^ 

1 /Claims 27. 28 


1/ 


t/ 

29 and 30 



I 


Line 3 of eaoh claim, change "point" to —tem¬ 
perature--. 

^ c/ c/ 

i/ Claims 31. 32 and 33. 

-a- 

Line 4 of eaoh claim, change "point" to —tem¬ 
perature—. 

i/fo r simplicity of considoption, cancel all the 
olalms exoept 27 to 33 in due ire and add the following: 

wjs . « —34. The method of prtjparing fuel for its sub- 

J *• sequent use as suoh, which conprj 




heating in inert 

| 

gases for a substantial period ,JJ6oal to' a temperature 


//</■ 


substantially within a range of/from approximately 260°F. 


to approximately 460 F. 
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L M * 


35. The method of preparing/ fuel fpr Its aub- 








/ y I . f 

'// i sequent use as such, which comprises/,heating in inert 

tA uaM 

gases for a substantial period, ooal Ijfo a temperature sub- 

^ ( o 

stantially within a range of from approximately 250 F. to 

i approximately 450°F. and in pulwerisl/ng the treated ooal. 
j 36. As a new art1ole of Manufacture, a prepared 

kjtr* A t^UA J 

v fuel comprised of solid coal substantially free of oeolud- 


u 


ad or priming gases but with its solid hydrocarbons sub* 


stantially intact. 


/ 


i/*. 


j 


fuel comprised of 


37. is a new artiole 
solid cohl 


manufacture, a prepared 
substantially free of occluded 


or priming gases and water of hydration but with its solid 
hydrooarbons substantially lntaot. 


(j<L 


& £ 


38. As a new artlolW of manufacture, a prepared 
fuel comprised of solid coal substantially free of oooluded 
or priming gases but with its 


tlally Intact, said fuel being/In 


>l^d hydro carbons substan- 




form. 


39. As a new article of manufacture, a prepared 

bstantlally free of occluded 


JLr^ 

fuel comprised of solid coal 


or priming gases and water of/hydration but wlth^^s^s^id^ 
hydrocarbons substantially izjitaot, said feel being ln^ e |a - 
e^ i n u ted- form. 


40. As a new article/ of manufacture, a prepared 
fuel comprised of solid coal substantially free of oooluded 
or priming gases andl of organic sulphur but with its solid 


hydrocarbons substantially inteot. ■ A ~ i 


( 
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41. As a new artioie^ of manufacture, a prepared 
(Pm £ '[• fuel comprised of^solid ookl having the changes which would 

^//'he produced by heating the ooal to hut not materially he¬ 
ir yond the temperature at whic {l heat is absorbed without 

\\ . 

rise in temperature and having its solid hyd^ooarb^hs sub¬ 
stantially intact. 




42. As a new article of/manufaoturp, a prepared 
fuel comprised of solid coal hav/ng the changes which woul<£’ 
be produced hy heating the coal/to hut not materially be¬ 
yond the temperature at which hpat is absorbed without 
rise in temperature and having/its solid hydrocarbons sub¬ 
stantially intact, said fuel being in comminuted fora. 

i ^ i i-r~ 

43. As a new article of manufacture, a prepared 
fuel comprised of^ solid coal in substantially expanded 

fora but with its solid hydrocarbon^ substantially intact. 

/ 

44. As a new article of ianufacturi, a prepared 
^fuel comprised of solid ooal in substantially expanded 

fora but with its,solid hydrocarbons substantially intact, 
said fuel being in aom aia^ e^Tortn. 

j 

45. As a new artiole of manufacture, a prepared 
fuel comprised ofjsolid e&al having its ohomical affini¬ 
ties responsible for autogenous heating satisfied but 
with itBsolid hydrooarbons substantially intaot. 

46. The method of preparing fuel for its subse¬ 
quent use as such, which comprises heating tor a substan¬ 
tial period,Teoal tu a temperature substantially within 
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a range at which surface moisture and oooluded gases are 
driven off on the one hand and fhe solid hydrocarbons 

t 

broken down on the other hand. < 


»ethod of preparing fuel for its subse- 

r/P y quont use as such, which comprises heating in inert gases 

(''“■ajktcJ. 

for a substantial period,^coal to a temperature substan¬ 
tially within a range at which surface moisture and oe- 

I 

eluded gases are driven off on the one hand and the solid 
hydrocarbons broken down on jbhe other hand. 

48. The method of /preparing fuel for its subse¬ 
quent use as such, which comprises heating in inert gasoe 

Vuti UJL 

for a substantial period**coal to a temperature substan- 


in inert gasee 


for a 


temperature substan- 


< 

tially within a range at wiiich surface moisture and oo- 

and 

eluded gases are driven of t on the one hand/the solid 

» 

hydrocarbons broken down on the other hand and in pulverlz 
ing the so treated coal. «*- 


t- 


quested. 


REMARKS 


Reconsideration of the oase as amended is ro- 


With respect to the Examiner's criticism of 


the term "endothermic phase of combust ion", it is believ¬ 
ed that this is not proper. Considering the process of 
combustion as starting with the Introduction of the coal 
at room temperature to its complete combustion. It is 
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The fuel is unquestionably different from prdinarv coal 
or ordinary pulverized coal. The only heat jit requires is 
that necessary to bring it to the temperature of ignition. 
All the heat oherwise required to effect physical changes 
has been previously applied. Organic sulphur has been 
largely removed. The fuel is no longer; autogenous. 
Water of hydration has been removed and it is possible to 
burn the fuel at far higher rates per cubic fqot of furnace 
volume than apparently ever before contemplated. 

56 Again, there is a decided relation of the pulveriza¬ 
tion with the other steps. The other steps make it 

easy to pulverize and at the same time, the ejnd product is 
a different one from ordinary pulverized co^l and despite 
its pulverulent condition is not explosive j and is non- 
autogenous. It is much finer, for example, and has certain 
characteristics which are fully developed in the affidavit. 

With respect to claims 27 to 33 inclusive, it is thought 
that they are sufficiently definite as to temperature, because 
the temperature can be readily ascertained from the in¬ 
structions given in the claims themselves. It is true that 
the temperature is not recited in terms of decrees of Fah¬ 
renheit, but it is otherwise adequately defined. Since the 
temperature may vary somewhat with different coals, it is 
thought that the applicant should not be restricted beyond 
what is necessary to distinguish from the art[ and this has 
been done. 

With respect to claims 27 to 33 inclusive, j it is thought 
that they are sufficiently definite as to temperature, because 
the temperature can be readily ascertained from the in¬ 
structions given in the claims themselves, ijt is true that 
the temperature is not recited in terms of decrees of Fah¬ 
renheit, but it is otherwise adequately defined. 

As to the ground of aggregation and the ground of lack 
of utility, it is believed that the affidavit! answers the 
Examiner’s point. 

Regarding the reference Bone, attention is called to the 
fact that he contemplates an entirely different thing. His 
temperatures are above those specified! by the appli- 

57 cant, and he is treating brown coal having a very low 
percentage of volatile material. Ordinary coals 

range from about 20% to 42% of volatile, wifjh Cannel coal 
going as high as 66%. Rhode Island lignite l|as, for exam¬ 
ple, a volatile content of 2.6%. 


I 


i 
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At the temperature specified by Bone, the solid hydro¬ 
carbon content would be materially chemically altered. 

With respect to Rigby, the Examiner has apparently 
overlooked the fact that the temperature of Rigby’s gases 
is about 167° Fahrenheit, which would mean that his lignite 
(or coal, if he operated on coal) would hardly be as high as 
100° Fahrenheit and probably considerably less, whereas 
applicant heats the coal itself to a temperature of over 
212° F. 

The claims in the case are, therefore, believed to clearly 
distinguish from these references. 

The new claims have been carefully formulated and the 

* 

product ones now define the fuel in positive terms and 
without reference to process steps. The method claims 
specify temperatures which obviously must be different 
from those in the two references cited. 

Respectfully, 

CHARLES M. BUCK, 

By SYNNESTVEDT & LECHNER, 

Attorneys. 

HLL/R. 

58 [Stamp:] U. S. Patent Office, Mail Division, Mav 
12, ’30. 

[Stamp:] U. S. Patent Office, Docket Division, May 12, 
1930. 


In the United States Patent Office. 

In re Application of Charles M. Buck. Treatment of Coal 
and Other Carbonaceous Materials of a Similar Nature 
and in ! the Product Produced. Filed March 28, 1928, 
Serial No. 265,303. Div. 59—Room 315. 

Affidavit of Frederick W. Martin. 

State of New York, 

County of New York , s$: 

Frederick W. Martin, being duly sworn, according to law, 
deposes and says as follows: 

That he is Vice President and Secretary of the Thermol- 
ized Coal Corporation of 17 East 42nd Street, New York 
City, which controls the above entitled application; 
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That the invention thereof is of great practical import 
to the public and has excited widespread interest because, 
among other things, it will apparently make it possible to 
very materially increase the output of existing stleam gener¬ 
ating installations such as are employed for industrial, pub¬ 
lic utility and general purposes; j 

That the following companies are actively interested in 
the use of the invention: 

i 

Standard Stoker Company, 

City Service, 

Commonwealth Edison, 

Johns-Manville, 

United Gas Improvement 
Pittsburgh Coal Company, 

Consolidation Coal Company, 

International Motors, 

Spicer Manufacturing Company. j 

i 

59 and are contemplating putting the invention to serv¬ 
ice when the Thermolized Coal Corporation is in 
position to do business; j 

That in the absence of allowance of claims this is impos¬ 
sible for reasons which will be readily apparent; 

That there is capital in substantial quantities available 
to the Thermolized Coal Corporation upon tlie allowance 
of claims; | 

That the allowance of claims will not only greatly extend 
the activities of the Thermolized Coal Corporation, but will 
also result in immediate activity on the part of such com¬ 
panies as those mentioned, all of which will occasion the ex¬ 
tended employment of labor. 

FREDERICK W. MARTIN. 

i 

I 

i 

Subscribed and sworn to before me, this 28th day of 
April, 1930. ! 

[seal.] SYLVESTER J. M4GEE, 

Notary Public. 

I 

i 

Notary Public, Queens County. Queens County Clerk’s 
No. 2184. Queens County Register’s No. 1718. Certificate 
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filed in New York County, Clerk’s No. 168, Register’s No. 
2M148. Commission expires March 30, 1932. 

(Here follows photolithograplied page 60.) 

61 ample, he has repeatedly heated the coal to a point 
short of that at which the chemical affinities for auto¬ 
genous heating are satisfied, whereupon, after the discon¬ 
tinuance of the application of external heat, the tempera¬ 
ture of the coal continued to rise until spontaneous combus¬ 
tion occurred. In contradistinction he has repeatedly 
heated the coal above the point at which said chemical 
affinities have been satisfied, say, for example, in the neigh¬ 
borhood of 400° Fahrenheit, whereupon, after the discon¬ 
tinuance of the application of external heat, the tempera¬ 
ture of the coal did not rise, but, to the contrary, dropped 
and has never warmed up thereafter, showing conclusively 
that these affinities have been satisfied and that the coal will 
not spontaneously ignite; 

That his company recently submitted his fuel for test by 
the Stevens Institute of Technology, the test being con¬ 
ducted by J. II. Keenan, a true and correct copy of the 
report of said tests being attached hereto and marked “Ex¬ 
hibit A”; 

That the boiler tested in said test is a small boiler of the 
locomotive type and one of the most inefficient types of boil¬ 
ers commerciallv known; 

That notwithstanding the inefficiencv of said boiler and 
the smallness of the fire box thereof, he has been able to 
liberate as high as 135,000 b.t.u’s. per cubic foot of com¬ 
bustion space per hour (see page 4 of the report of tests); 
to burn as high as 10.30 pounds of coal per cubic 

62 foot per hour (see page 3); and to obtain furnace 
temperatures as high as 2800° F. (see page 2 of re¬ 
port) ; and other results, as shown in the report; 

That the said boiler has been operated for over eighty 
hours without slagging on a flue sheet or otherwise; 

That since the above tests he has recently burned as high 
as twenty pounds per cubic foot of combustion space per 
hour without smoke; and as high as five pounds per cubic 
foot with an average of over 16% CO_> on a five hours’ run; 

That with the boiler shown in said report he has been 
able to produce one hundred pounds pressure on the gauge 
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CA0UE AOONKH SAOUm 
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** / 


AFFIDAVIT OF CHARLES M. BUCK 

. 

District of Colostla : ss. 

i 

i 

I 

Charles K. Buck, Being duly sworn, deposes 

! 

etna, says that he is 62 years old and the applloant In the 
above entitled oase and that he has been engaged in the 

I 

treatment of coals for over ten years past and Is still so 


engaged; 


That the fuel obtained by beat treating 


eoal as described in the said specification and then pul¬ 
verizing th» treated ooal is radically different from or- 
Unary pulverized ooal; 

That his fuel is of lighter specific gra¬ 
vity than coal, is porous, is rough or Jagged,' will not 
oake, and will not flood like eordinary pulverized ooal, 

* 

and that it is possible to regulate the flame almost like 


a gas flame; 


That eoal treated as desorlbed In the 


specification has its chemical affinities for j&utogenous 
heating satisfied so that it will not spontaneously burn 
and requires the external applioatlon of heat to esnso 
its Ignition. This he has repeatedly observed. For ex- 


- 1 - 
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UNITED *TAT» ; PATENT OFFICE 
WASHINGTON 

Please And below a communication from the EXAMINER in 
charge of this application. 



''»p©r No. AO 


l/ 


__ 

I atM Um aortal cuh 
«,!ta UM«f 


CotnmxAturner of PalrnnU. AppliOant l Co BUOk 



Synnestvedt & Lechner 
1015 Chestnut St, 

Philadelphia, Penna, 



Ser. No. 265303 
Filed 1far. 28, 1928 

For TREATMENT OF COAL k. OTHER 
CARBONACEOUS- MATERIALS OF A SIMILAR 
NATURE A IN THE PR ODUCT PRODUCED. 

HAY 26 1&30 } 


is oited: 
lliohie 


As a result of a further necessary search the following 
1,423,134 July 18, 1922 202-6.197 

v» v4-U- - 


Claims 27-33 and 4.1, 42, 46 to 4.8 are indefinite as to 
temperature. This functional means of defining the temperature 
is obviously inexact. There is apparently a difference of 
opinion between the applicant and Bone as to the temperature 
necessary. In view of such uncertainty, a definite temperature 
range should be stated. 

Claims 27-30, 34. 33. 46-48 which are to the method 

omit the essential feature that the coal is comminuted when 

heated (see Claims 31-33 which do develop this feature); also 

produot olaims 36 , 37, 40 , 41 . 43. 43 f»il to recite that the 

coal Is comminuted. Applicant*s process is summarized on page 8, 

lines 9-21 and it is not seen how any essential can be omitted. 

Claim 40 , the original disclosure does not cite such a 

ooal free of "organic sulfur", 

i Claims 27, 28, 54, 36, 37, 40 , 41 . 43, 45-47 are 

rejected as met by Miohle who shows the heating of coal between 
o o 

13 c - 250 0, This takes in the greater part of the applicant *s 

temperature range. 
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with one hundred pounds of coal from water | at 60° F. 
within 45 minutes; that combustion is completed, within the 
fire box of said boiler; 

Considering the process as one for the preparation of 
pulverized coal to be burned as such, there is, therefore, a 
decided cooperation of all steps required to produce the end 
product. 

That the coal treated as described in the said specification 
may then be pulverized at practically twice the [speed with 
half the power, i. c., the capacity of a mill is doubled over 
raw coal, with much less wear on the parts, in all proba¬ 
bility due to the physical changes, alteration of! the binder 
and expansion which have taken place by the [heat treat¬ 
ment. There are more fines and the slagging difficulty is 
very much reduced if not eliminated; 

• w ' i 

63 That on the said tests by the Stevens Institute of 
Technology the burner employed was calculated to 
deliver about 750 pounds of coal per hour and the motor 
was a constant speed one. This size of burner was em¬ 
ployed because he had been advised that as much as one 
thousand pounds of coal per hour would be required to fire 
the boiler. He found, however, that he could Successfully 
fire the boiler with as low as 170 pounds of codl per hour, 
wherefore, with the constant speed motor abope referred 
to, there was a substantial excess of air as indicated in the 

7 i 

report. 

And further deponent sayeth not. 

CHARLES M. BHCK, 

i 

Sworn to and subscribed before me this 2^nd day of 
April, 1930. 

[seal.] JOHN A. SULLIVAN, 

Notary Public. 

\ 

(Here follows photolithographed page |64.) 

65 Claims 27, 28, 36, 37, 40, 41, 43, 45-47 ^re rejected 
as lacking invention over Bone who shotys the heat¬ 
ing of coal to get rid of these gases. Both Bone and the 
applicant disclose the heating of coal to the “pc^int of gase- 
fication ’ ’. i 

Claims 29, 30, 38, 39, 42, 44 and 48 also lack invention 
over Bone. These claims recite that the final product is 
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comminuted; but it would not be invention to comminute 
the product of Bone. 

Bone treats coal at a temperature short of destructive 
distillation but alleges that he drives off the same products 
as applicant does. Bone uses temperatures 250° to 400° C. 
Applicant made no original disclosure of any definite tem¬ 
perature limits but after Bone was cited, applicant inserted 
the limits 250° to 450° F (121°-232° C). It will therefore be 
necessary to make a very clear and convincing showing that 
the temperatures lie contemplated when this case was 
tiled, and which were disclosed only in a functional wav 
as—“to the point of gasification”, (page 3, line 7; page 8, 
lines 16-20) are in fact the ones now included by the amend¬ 
ment. It will also be necessary to show that this different 
temperature produces a result different in kind, over Bone. 
So far as can now be seen no difference in either kind or 
degree is obtained. 

As at present advised, the only patentable subject mat¬ 
ter in the case may be in Claim 35, if amended to insert— 
comminuted—before “coal” in line 3. 

All the claims are rejected. The questions involved are 
very important matters of substance, rather than form. 

V. T. RICHARD, 

Examiner. 

(Here follow photolithographed pages 66 to 68 inc.) 

69 application, in the temperatures which he gives and 
in the temperature at which thermal decomposition 
begins. 

In short, applicant has found that from about 250° F. to 
400° F. the occluded and priming gases of which he has 
spoken are driven off together with water, that at about 
400° to 450° F. expansion of the coal takes place and that 
above 450° F. the decomposition of the coal begins. 

With respect to Bone, therefore, it is apparent that his 
lower limit is where decomposition about begins and that 
his upper limit is well above decomposition. Bone’s speci¬ 
fication also confirms this, because in lines 7 and 8 he men¬ 
tions that an “important” “chemical change” begins “be¬ 
tween 250° C. (482° F.) and 400° C. (752° F.) ”. Later on in 
the specification he again mentions this “chemical change”. 

It is apparent, therefore, that Bone operates in a range 
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I 

Hon. Commissioner of Patents, 

Washington, D. C. 


Sir:- 

Responding to the Office actiojn of May 20, 
1030, and pursuant to interview Just had with it he Assistant 
in charge, the applicant amends as follows: 

In view of the affidavits and !the material 


supplied therewith, it is "believed that it wiljl "be found 

that the issue is one of form, rather than of 'substance, 

! 

and that, therefore, the case should therefore "be consid- 

i 

ered ''special* under the Commissioner's ruling. 

i 

Also in view of the affidavit^ of "Puck and 

i 

i 

of counsel, it will "be apparent that the response to the Of— 

i 

fice action has "been made as soon as it was pfessltPe to do 


so. 

IN TIIE CLAIMS: 


► l 

J 


J J 

Claims 34 and +jk) m 


yju ine 3, "before "coal <-kert —erxshed—. 


i 

i 

i 

i 
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Claims 30 and 37. 


verized--. 


Line 2, "before "solid” insert —crushed— 
v /oiaim 38. 

Last line, change "comminuted” to —pul- 


f yClaia 59. 


Lines 4 and 5, change "comminuted” to 


—pulverized—. 


Claims 41^ 4^and 45. 

Line 2, before "solid" insert —crushed- 
t/ Claim 44. 

Last lino, change "'comminuted" to --pul¬ 


verized—. 


^ , 
40 and 4 i 


^Claims 46. 47 and 43, 

Line 3, "before "coal' insert —crushed—. 
(/Cancel claims 27 to 31 Inclusive and claims 


V/Add the following: 


—49. The method or preparing coal for its 
subse<juent use which comprises crushing the coal, heating 
the pieces to a substantially uniform temperature through¬ 
out and to & temperature of frorrf about 25C°P. to about 
,400°F. —. * ;•/ 
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The "Examiner asked for a showing ths|t the &p- 
plicant. before making his application, had clearly in mind 
the temperature range of from about £50° to about 450°F 

! I 

which had been inserted by amendment. 

, 

The applicants affidavit very satisfactorily 
meets this requirement, because, in substance, it Shows that 
he had before him, before he filed his application^ the ar¬ 
ticle in n Fuel In Science and Practice", Y.olume 5, pages 65 
to 63, London, 1926, entitled "The Initial Decomposition of 


Coal by Eeat", see particularly the summary on pag^ 68. 

I 

In the summary it will be noted that the oc- 
eluded gases are specified as being removed up to flb£>ut 
200°C. and that from about 270°C. (or about 500°F.} there 
are products of decomposition, with oil being distilled at 
about 230°C. (or about 536°F). 

Further support for these figures will be 
found in Parr’s Article on low temperature carbonization 
of coal in Industrial and Engineering Chemistry of Feb¬ 
ruary , 1929, 
r'" 

Also in the test runs which applicant con¬ 
ducted on the instruction of counsel and on which indepen¬ 
dent analysis whs made by th6 Coupland Laboratory of New 
York attached to the applicant’s affidavit, together with 
his summary of the analyses of July 15, 1930. 

j 

Similar support will be found in th^ book 
of Hasiam and Russell, "Fuels and Their Combustion?• 

In view of the above, applicant is jhlly 
supported both before and subsequent to the filing of his 
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/ 


J 


Claims 36 and 37. 

Line 2, "before “solid 1 ' insert —crushed—, 
v ^Qlalm 38. 

Last line, change “comminuted” to —pul¬ 


verized—. 


f yClaia 59 




—pulverized—. 


Lines 4 and 5, change “comminuted' 1 to 


J 


verized—. 


%/ 

40 and 4 




Claims 41^ 4^and 45. 

Line 2, "before “solid - ' insert —crushed* 
t/ Claim 44. 

Last lino, change "'comminuted” to —pul- 

^Claims 46. 47 and 43. 

Lin? 3, before “coal ' insert — crushed—, 
[/Cancel claims 27 to 31 inclusive and claims 

/ 

v4dd the following; 


fa } 

e f 


—49. The method or preparing coal for its 
subsequent use which comprises crushing the coal, heating 
the pieces to a substantially uniform temperature through¬ 


out and to a temperature of fron/ about 25C°P. to about 
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well above applicant ’s and in a range excluded by applicant 
in his original specification, because it is ode in which 
thermal decomposition begins, an exothermic stage rather 
than an endothermic stage, a stage in which heat is ab¬ 
sorbed with a rise in temperature in contradistinction to 
a stage in which heat is absorbed without a rise in tempera¬ 
ture and in which physical changes are brought about 
rather than chemical change. 

The new reference, Michie, is not thought to lie pertinent. 
All that he was concerned with was prevent 
tion on the coal of the 4 4 products of 

70 Therefore, he preheats the coal entering his retort 
to prevent surface condensation by gases which he 

said should not exceed 250° C. (482° F.) whiclf could only 
heat the surface of the coal. His process being a contin¬ 
uous one, it is obvious that at that temperature jof the heat¬ 
ing gas the coal could not be heated to that temperature 
throughout. But even if it was, Michie would not have 
applicant ’s invention. 

The foregoing remarks apply to the claims previously in 
the case. Thus, for example, claim 34 calls for!the method 
of preparing fuel for its subsequent use as ^uch, which 
comprises heating in inert gases for a substantial period 
crushed coal to a temperature substantially, within a range 
of from about 250° F. to 450° F. The temperature is differ¬ 
ent from that specified in Bone and the inventive idea is 
substantially different from Michie’s. 

Claim 35 has been amended along the line$ which the 
Examiner indicates will render it allowable. 

As to the article claims, such, for example, as} 36, neither 
Bone nor Michie have, as a new article of mahufacture, a 
prepared fuel comprised of crushed solid coal substantially 
free of occluded or priming gases, but with its $olid hydro¬ 
carbon substantially intact. Such a fuel, for example, 
whether in pulverized form or not, is non-autogjenous, non¬ 
explosive and can be transported without violation of reg¬ 
ulations relating to the transportation through bities of ex¬ 
plosive material. 

71 Claims of this character clearly distinguish from 
both references. 

All of the article claims and the process claimjs have been 
amended to meet the Examiner’s criticism tl^at the coal 
to be heated is crushed or comminuted. 

i 


ng condensa- 
distillation”. 
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With, regard to such claims as 41, wherein temperature 
is not specifically mentioned in terms of degrees, it is be¬ 
lieved that these should be allowed. Claim 41, for exam¬ 
ple, specifies the temperature as one in which heat is ab¬ 
sorbed without rise in temperature. That coal does have 
a temperature at which this occurs and that this tempera¬ 
ture is a different one from that of Bones, being much 
lower, is clear from the authorities attached to the appli¬ 
cant’s affidavit. (See particularly Parr’s Article). In 
view of the fact that there can now be no longer any doubt 
as to the range in which that occurs and that that range 
is below Bone’s range, it is thought that claims of this 
character should be allowed. Similarly with claims such 
as claim 47, where the temperature specified is one within 
a range at which surface moisture and occluded gases are 
driven off on the one hand and the solid hydrocarbons 
broken down on the other hand. 

The foregoing is believed to be fully responsive to the 
Office action. 

As to new claim 49, neither of the references disclose 
the method of preparing coal for its subsequent 
72 use, which comprises crushing the coal, heating the 
pieces to a substantially uniform temperature 
throughout and to a temperature from about 250° F. to 
about 450° F. 

At the interview with the Assistant Examiner just had, 
the Examiner raised the question as to whether or not the 
invention was not confined to a non-explosive pulverized 
fuel. This is certainly a part of the invention, but the 
applicant should not be so limited as to scope. 

In the first place, crushed coal has a lot of fines and, 
therefore, in the absence of the treatment herein provided 
for, would be autogenous and explosive. 

In the next place, coal, whether it be subsequently pul¬ 
verized or not, when treated in accordance with the inven¬ 
tion, has some very marked advantages. For example, coal 
so treated will not oxidize. Therefore, it can be stored in 
bunkers without loss in b.t.u. value. In this connection, 
a great number of users of coal in large quantities con¬ 
tinually keep the coal in storage flooded in order to prevent 
this oxidation and loss in b.t.u. value. This loss in b.t.u. 
value represents a substantial loss per ton of coal in stor¬ 
age. By applicant’s invention the necessity of flooding is 
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AFFIDAVIT OF HARVEY L. LECHKER 


STATE OF PEESSYLVANIA ) 

* 83 

COUNTY OF PHILADELPHIA ) 


HARVEY L. LECHE^R, being duly sworn, deposes 
and says that he has been in charge of the above [entitled 
application; that immediately upon receipt of thej last Of¬ 
fice action he Instructed the applicant to make dome tests 
over a range of temperatures to satisfy the Examijner*s po¬ 
sition with respect to the effect of temperature on the re- 

I 

suits obtained; that an independent analysis should be ob- 
tained of- the various runs; that In accordance with these 
instructions the applicant proceeded as set forth in his 
affidavit accompanying this amendment; 

That he received the last of the Analyses 
and summary on or about July 19th, at wnich time he was 
engaged in a trial - Xopp versus Gill, Eo. 5611, December 
Term 1929, District Court of the United States fdr the Eas¬ 
tern District of Pennsylvania; that said trial terminated 
the week of July 14th; that the following week h€ 
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gaged In preparing a brief in that Cause and briefs in a 
nine-party interference pending in the Patent Office and 
was preparing for argument on motions therein which ware 
set for and were heard on July 23th; that immediately fol¬ 
lowing he was engaged in work, that took him to Pittsburgh, 

. Pennsylvania, Morgantown, Jest Virginia, Greensburg, Penn¬ 
sylvania snd New York, after which he was engaged in the 
taking of testimony in another interference up to and in¬ 
clusive of Friday, August 3th f 1930; 

That on August 9th he went to New York to 
conrer with the applicant in this case, as a result of 
which the amendment attached hereto was prepared. 





Subscribed and sworn to before me this 12th 
day of August, 1930. 

(Seal} 
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State of %uaJ 
County of 
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Charles K Buck being duly sworn deposes and says he 
is the applicant in the above entitled case; th a t prior to the 
filing or nis application he saw and studied! an {article appearing 


Fuel in Science and Practice, Vol* V. No* *„ p.60* photostat of 


which is attached, hereto.', and froik the tables arid the description 
and particularly the summary,, he obtained information as to the 
temperatures at which occluded gases are driven [off Cup to about 
200 degrees C or 392! degrees F) and the temperatures at which 

thermal decompostion set in (about 280 degress C or afvund.500 

* 

degrees F); that thereafter he ran across "Fuels and their 
' Combustion" 1 by Has lam & Russell and Parr's article on "Low Tempera 

ture Distillation of Coal", which confirmed whai be had previously 

i 

learned and the pertinent portions of which wilJ[ be found in the 

i 

attached photostats. 

That as soon as the last office action|of Kay 20th. was 
received he was instructed to forthwith conduct a number of tests 

for the purpose of verifying the above figures and particularly 

I 

the temperatures at which decomposition begins; that he immediately 
undertook to do so; that his plant was not equlj>ed at that, time 

le 


o conduct tests over a wide range of teapartuws but he wide th< 

u*. cx* * 

alterations necessary, beginning the same inmiedlaterj^and conducted 

i ve 

a number of test runs at different temperatums and sent represented 


samples to the Coupland Laboratories for analyses as made; that the 
analysis was made forthwith and photsstats of the same are attached, 
hereto together with & summary of .the same by the affiant; and that 
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the last of the analysis material of July 15th. and his sussnary 
of the same wer,e delivered to his counsel on or about July 19th.., 
1930; that as set forth In the said analysis, the temperatures 
Set forth In the beginning hereof, were confirmed. 
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: SS: 

) 


Frederick 77. Martin, Being duly sworn,! deposes 

I 

and says that he is Vice President of the Thermoljized Coal 
Corporation, owning rights under the above entitled appli¬ 
cation, and that he or the Company has received tjhe letters 
attaohed hereto, the same being true copies of tbie originals 
received; thet Mr. Serge Surdjkowski is Development Engineer 
for the Standard Stoker Company; that Mr. Bedwell is Consul +- 
ing Engineer for the Spicer Manufacturing Corporation in com¬ 
bustion natters; that Mr. McClellan is Power Engineer for 


Henry L. Doherty & Company, and that Mr. Lenz is|a Consult¬ 


ing Engineer in*power and combustion lines. 



of 



Sworn to and subscribed before me thiis 6*7 


1931. 


(SEAL) 



• ^-aLioJ'Qoer.f vumY 

Quk*m ocurrrv clcitk o. sim 

eoon-nr no. 171* 

* ,LE0 '* *** vo^< COUMTV 
XfJL* l? .. 1 ?C ."t0l3 TEKG NO. 2MI40 

WMNIMioi, IXFlACa MARCH U, |g|| 


78 



No. 6261 

Thermolized Coal Corp. ©t al. 

Appellants, 

vs. 

Conway F. Coe, Conr. of Patents. 


Hi*. 


59 


Boon 


'TtvCMMwMrrMm, 
, D. C." 

Ud MU/v01cUlk;UlM 


515 TEC: AT 

departmenHof Commerce 

UNITED STATES PATENT OPT ICE 
WASHINGTON 



Plane And below a communication from the EXAMINER in 


FEB 2 6 1931 


charge of this application. /7 ^-75 » / »_ 

*Jhe»uur \Arl 4vlw 

0.0 II—**tj Commvifwiur o/ PaUnit. 



Applicant: C. M. Buck 

O „ 265303 

Filed Mar. 28, 1928_ 

For TREATMENT OF COAL & OTHER 


CARBONACEOUS MATERIALS OF. A 
SIMILAR NATURE &.IN THE 
PRODUCT PRODUCED. " 


amendment of August 15, 1930: 



i The most important single factor in applicant’s process 
from the standpoint of distinguishing from the prior art is 
the temperature to which the ooal is heated. No actual temperature 
limits were disclosed. The only due was in the indefinite 
reference to temperature described in terms of the result. 

See page 1, line 12: "endothermio phase of combustion"; 
page 5* lines 5-7* "temperature .... maintained sufficient 
to bring xhe entire nnss of the fuel treated to the point of 
gasification". Same page, line 10; "below the combustion 
point". See also lines 16-20, page 6 and also line 24 ., 

r 

"cooled to below the combustion point". See page 8, lines 

11-12, "in the presence of non-combustible gases up to the 

“temperature of the thermal decomposition aid gasification 

of the substances of said materials". Original Claims 8-11 

indicated a temperature in terms of the result. 

After the citation of a reference, Bone, disclosing a 

similar process carried out the temperatures from 250 - 400 °ff| 

applicant amended line: l6 of page 6 by inserting the specifii* 

o 

.temperatures of 250 - 4.50 F. 


79 
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entirely eliminated because oxidation and loss of'b.t.u. value 
does not occur. 

Furthermore, the coal burns much more rapidly after 
applicant’s treatment, whether it be in crushed or pulver¬ 
ized form. 

73 From this it will be seen that the invention has 
broader scope than would at first be apparent. 

Applicant is, therefore, believed to be entitle^, to claims 
which are not limited to the pulverization of tjie product. 

Applicant believes that it will be found thatj all of the 
claims now in the case clearlv distinguish from the con- 
tinuous processes of the two main references,; neither of 
which as has been heretofore shown, contemplates appli¬ 
cant’s results or obtains them. 

It is believed that the case is in condition foil allowance. 
Respectfully, 

CHARLES M. BUCK, 

By SYNNESTVEDT & LECHjSf'ER, 

Attorneys . 

HLL/R. j 

Ends. 

(Here follow photolithographed pages 74 to 79 inc.) 

80 This temperature limitation is now relied on in 
the present claims to distinguish from Bone. It is 
true that this temperature was inserted at the suggestion 
of the Examiner; but upon a thorough review bf the case, 
it is now believed that such suggestion was improper and 
that applicant’s original disclosure was indefinite and in¬ 
sufficient in this respect. 

It is clear that Bone states that he uses tefnperatures 
below that at which destructive distillation begins. It is 
equally clear that no definite temperature or critical point 
by which any definite temperature could be presumed is 
to be found in applicant’s original disclosure arid applicant 
has been unable to supply from the published literature 
existing prior to the filing date of this application any 
positive clue by which the ambiguous language rif his origi¬ 
nal specification could be construed. It, therefore, follows 
that applicant can not be permitted to distinguish from 
Bone by any subsequently-added temperature ifange which 
avoids this reference. 
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In attempting to connect up the expressions used in the 
original specification with some definite temperature ranges 
to show “the temperatures he contemplated when this case 
was filed” applicant points to the article by Burgess and 
Wheeler—“The Initial Decomposition of Coal by Heat”, 
published in the February 1926 issue (Vol. V, No. 2) of 
“Fuel in Science and Practice” at page 65 et seq. This 
article deals primarily with distillation tests on certain 
English bituminous coals. It describes occluded gases 
(mainly paraffin hydrocarbons) as coming off in small 
quantity 1 up to 150° or 200° C.; water coming off from 200 
to 450° C.; some sulfur-containing organic compound 
81 between 270 and 300° C.; higher olefins 270° to 
350° C.; a rapid decomposition begins at 350° C. 

These authors conclude with a summary setting 270° to 
300° C. as a range in which decomposition products were 
evolved. 

This article shows that there is no fixed point where it 
can be said unqualifiedly that decomposition begins. The 
nearest to such a point with the particular Lancashire 
coal treated might be said to be 270° C. However, the au¬ 
thors warned against generalizing in the second paragraph 
of the article, since individual coals vary greatly. 

Moreover it is noted that all the tests therein were con¬ 
ducted in a vacuum; and if conducted at atmospheric pres¬ 
sure as applicant does, higher temperatures would have 
been necessitated. 

The article by Parr in Industrial & Engineering Chemis¬ 
try of February 1929 is subsequent to the filing of this 
application, so has no effect on the construction to be given 
the terms used herein at the time the case was filed. 

The term, “to the point of gasification,” used page 3, 
line 7, is, therefore, uncertain and indefinite, as is “up to 
the temperature of the thermal decomposition and gasifica¬ 
tion of the substances of said materials,” (page 8, lines 
12-13), and the original matter in lines 16 to 20 of page 6. 
This indeterminate point, it is believed, would lie within 
the range of temperatures recited by Bone. 

The claims also omit two essentials which his disclosure 
teaches are necessary for the successful operation of which 
process; namely, (a) that the heating is done in the ab¬ 
sence of air, but in the presence of an inert gas; (b) that 
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Hon. Commissioner of Patents 
Washington, D. C. 

Sir:- * j 

! 

Pursuant to interview Just had with the Primary 

I 

and Assistant Examiner in charge the applicant amends as 
follows: 

IN THE SPECIFICATION: 

j 

Cancel the amendment to the specification direct¬ 


ed in the amendment of July 1, 1929, reading as follows: 

—Page 6, Line 16, after "point" insert -(approxi¬ 


mately from about 250 degrees to about 450 degrees Fahren¬ 


heit, depending on the particular fuel)-. 


Page 8. 


/Line 6 from, 4he bottom, after thej period (.) 


hr ±~> - ' * h . - - 1 - —- 

.serjt/ — (Approximately 250°C. is generally Accepted as 


inser 


the maximum temperature at which thexmal decomposition 
begins of most coals as stated, for example, in the Bureau 
of Mines Technical Paper No. 183 by S. H. Katz in the first 


- 1 - 
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sentence of the second paragraph of page 5. where the author 

I 

also cite3 Taylor and Porter*s Technical Paper NoJ 140 of the 

i 

Bureau of Mines, 1916, Page 59* See also Technical Paper No* 

16 of the British Department of Scientific and Industrial Re- 

i 

search, 1*927, last portion of the second paragraph of page 1 


and the conclusions stated on page 18)--. 



IN THE CLAIMS: 


Cancel the claims and substitute therefor the fol- 





B 


lowing:- A 

—50. A method of preparing 
quent use which comprises crushing the coal to comparative¬ 
ly small pieces, and heating the coal, in the presence of 
inert gas sufficiently free from air to prevent combustion, 
until it has reached a temperature substantially throughout 
of from substantially above that of the boiling point of 
water to not above that at which thermal decaaposition of 
the particular coal begins* 

51. A method of preparing coal, for its subse- 

A 

quent use which comprises crushing the coal to comparative¬ 
ly small pieces, and heating the coal, in the presence of 
inert gas sufficiently free from air to prevent combus¬ 
tion, until substantially above that of the boiling point 
of water to not above that at which thermal decomposition 
of the particular coal begins, and pulverizing the coal so 
treated. 
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I 

52. A method of preparing coal^for its aubse- 
quent use which comprises crushing the coal to eonpajratire- 

I 

ly small pieces, heating the coal, in the presence of inert 
gas sufficiently free from air to prerent ccmbustlo^, until 
it has reached a temperature substantially throughout ap- 

hSK OitvrvC 

prcxlmately^that at which A thermal decomposition begins, and 

i 

cutting off further heating. 

(i* 

53. A method of preparing coal for its subse- 

* 

quent use which comprises crushing the coal to coap^ratire- 
ly small pieces, and heating the coal, in the presenoe of 

inert gas sufficiently free from air to prerent combustion, 

i 

until it has reaohed a temperature substantially throughout 

which is sufficiently hlgn'to make the coal non-autogenouo 

aX* 

but below that at which thermal decomposition Degins. 






54. A prepared fuel comprised of crushed coal A 
heated substantially ^throughout to a temperature above that 
at which water bolls b\t below that at which thermajl decom¬ 
position of the ooal begins. 

55. A prepare^ fuel comprised of crushed ooal^ 
heated substantially throughout to a temperature abore that 
at which water bolls but beloia that at which thermajl decom¬ 
position of the ooal begins, tint said treated coal jbelng in 
a finely dirided form.—. \ 


BHAHS 


At the foregoing lnterrlew it was oolnted out 
that the applicant had submitted the publications preriously 
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a cooling step follows the heating, especially when the claim 
recites a final pulverizing step. 

82 Because of the broad character of the claims which 
purport to distinguish from Bone only b}t a different 
temperature range, the claims are all rejected ias not pat¬ 
entable over this reference. 

It is questioned if allowable claims can be drawn based 
upon a disclosure herein. The affidavits tend to show that 
a valuable commercial product has been tested under the 
name of “Thermolized coal,” but they do not. specifically 
connect such product with the product of this case, and 
moreover they can not supply a sufficient disclosure herein 
which can have the benefit of applicant ’s filing date. 

This rejection is made Final. 

Y. T. RICHARD, 

Examiner. 

(Here follow photolithographed pages 83 to 85 inc.) 

| 

86 introduced into the case to the Assistant Examiner 

i 

then in charge who stated that the samfe were suffi¬ 
cient for his purposes, following which foreign (applications 
were allowed to issue. The said Assistant also'agreed that 
when acting upon the last amendment heretofore filed he 
would communicate with the applicant for the purpose of 
reviewing the case. 

By the present amendment the applicant eliminates all 
reference to specific temperatures and relies lipon the ap¬ 
plication as originally filed. 

As will later be shown, the known and published state of 
the art prior to the filing of the application was such that it 
was well recognized that the temperature of tie beginning 
of thermal decomposition of coal can be readily ascertained 
for any given coal and also that apparatus and! methods for 
so determining the appearance of thermal decomposition 
were so accurate that the beginning of thermal decompo¬ 
sition could be ascertained within one moment and within 
a fraction of a degree of temperature. The known pub¬ 
lished art generally fixed 250° C. as approximately the 
maximum temperature at which thermal decomposition of 
most coals begins, the temperature being somewhat lower 
for lignites and peat. 

Therefore, the applicant’s specification as originally filed 
was sufficiently definite and certain. j 


i 
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The equitable maxim that that which is capable of being 
made certain, is certain, applies. 

87 Here the application, page 8, for example, states 
that the crushed coal is to be heated “up to the tem¬ 
perature of the thermal decomposition and gasification of 
the substances” thereof. 

Since the initial thermal decomposition of coals not only 
are known but also that the same could and can be readilv 
determined by existing instrumentalities, this definition of 
temperature is adequate for all legal purposes, as held by 
the Board of Appeals in ex parte Milbring, U. S. Patents 
Quarterly, Volume 5, page 487, where the Board decided 
the same issue in the following language: “It would re¬ 
quire no more experimentation to determine when the alloy 
is at a suitable temperature for their purpose than is or¬ 
dinarily required in carrying out most chemical and many 
mechanical operations.” Applicant’s position is even 
stronger because the temperature of the beginning of the 
thermal decomposition of many coals had alreadv been 
determined. 

Continuing, the specification at the same place mentions 
the drawing off of “ eliminated gases. ’ ’ This does not mean 
evolved gases but only the occluded gases which the ap¬ 
plicant has previously mentioned in the specification and 
which he states should be driven off. The prior publica¬ 
tions already in the case and those presented with this 
amendment clearly recognize driving off of the occluded 
gases before thermal decomposition begins. Therefore, in 
this respect there is no uncertainty or confusion. The speci¬ 
fication is still clear that the heating shall not be above ap¬ 
proximately the point at which thermal decomposition 
begins. 

Similarly with respect to the statement of the specifica¬ 
tion that the “moisture” shall be drawn off. What the ap¬ 
plicant there means is that moisture—largely surface 
moisture—will be driven off within the range of tem- 

88 peratures specified of which the upper limit is ap¬ 
proximately that at which thermal decomposition be¬ 
gins. Inasmuch as the state of the known art was such 
that it was generally recognized that combined water is 
driven off at much higher temperatures than that at which 
thermal decomposition begins, it is quite plain, viewing the 
specification from its four corners, that the applicant had 
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in mind primarily surface moisture in his reference thereto 
in the specification. 

As to the lower limit the specification is equally clear as 
originally filed. See, for example, page 6, about jthe middle, 
where the applicant states that the fuel is 4 ‘not pnly heated 


so as to drive off the moisture and also the imprisoned ex¬ 
plosive gases, but” etc., etc. That heat which wp.ll drive off 
moisture must necessarily be slightly above the boiling tem¬ 
perature of water, for all practical purposes. 

In support of the above statement as to the itate of the 
art, in addition to the publications already on record, the 
Bureau of Mines Technical Paper No. 183 by S. H. Katz 
states on page 5, as to the beginning of thermal decomposi¬ 
tion : ! 


“When coal is heated it begins to evolve gaseous and 
liquid matter at temperatures which may bej as low as 
250° 0.” ! 

I 

The author cites Taylor and Porter, Bureaiu of Mines 
Technical Paper No. 140, 1916, page 59, in support thereof. 

King and Willgress in Technical Paper No. 16 published 
in 1927 by the British Department of Science and Indus¬ 
trial Research and entitled “The Primary Decompo- 
89 sition of Coal—1. The Temperature of Initial De¬ 
composition,” recognize on page 1 that it has been 
generally accepted that 250° C. is approximately the maxi¬ 
mum temperature at which thermal decomposition begins. 

The avowed purpose of their work, the results of which 
are given in their article, was to carefully check the work 
of previous authors as to the point of the initial decompo¬ 
sition of coal. 

Amongst other previous authors to whom thjey refer are 
Taylor and Porter who found in four types <>f American 
coal that thermal decomposition had proceeded to a meas¬ 
urable extent at 254° C. (Page 3.) 

On page 5, about the middle, they accept the appearance 
of vapor or drops of an oily nature as the physical evi¬ 
dence of decomposition. 

They tried various inert gases such as nitrogen in effect¬ 
ing heating and also heated in a vacuum. 

They tested six different coals, the analyses of which 
appears on page 7. 
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On page 8 they state that irrespective of whether the coal 
is heated in an inert gas or in vacuo, “the values recorded 
are approximately the same.” 

They then describe the method and illustrate the ap¬ 
paratus which they employ and state, beginning page 12— 

“When oil vapours first appeared, no difficulty was ex¬ 
perienced in detecting their presence. * * * It was ex¬ 
pected that this would be quite sufficient to give an indica¬ 
tion of the first appearance of oil within 1 minute of the 
time of its formation, or, therefore, within 0.2° C. of the 
-temperature thereof.’’ 

90 On page 13 they give the initial decomposition 


temperatures of 

Peat . 180° C. 

Lignite . 235° C. 

Bituminous Strong Caking. 215° C. 

Bituminous Medium Caking. 230° C. 

Bituminous Non-Caking . 245° C. 


Fumes appeared at slightly lower temperatures in all 
cases. 

On page 17 they show that when heated in a vacuum there 
is only a 5 degree difference in temperature at which ther¬ 
mal decomposition begins as compared with heating in 
inert gas. 

On page 14 they plainly point out that continuation of 
heat at the critical temperature at which oil first appears, 
results in an increase in the oil, thereby definitely estab¬ 
lishing the temperature at which oil begins to appear as 
the critical temperature at which decomposition of coal 
begins. 

On page 15 they point out quite clearly that water is 
evolved in large quantities at relatively much higher tem¬ 
peratures. 

In Paper No. 140 Taylor and Porter state: 

“Water of decomposition is produced from coal at tem¬ 
peratures above about 250°C. but in greater amount below 
500°C. than above. This water vapor may react with tar 
vapors or gases in passing out of a heated retort during 
high-temperature carbonization. ’ ’ 
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i 


That occluded gases are driven off at lower tempera¬ 
tures than the temperature of thermal decomposition, see 

Technical Paper No. 16, respectively, where it is stated: 

i 

4 4 Occluded or condensed gases are removed as the tem¬ 
perature rises from 150 to 200° C. These are chiefly higher 
paraffin hydrocarbons. ’ ’ 

4 ‘That the first products of decomposition pf coal are 
water and the oxides of carbon, but that these ajre preceded 
bvthe evolution of gas which has been occluded Or absorbed 
in the coal.” j 

i 

! 

91 The net result of their exhaustive andj careful re¬ 
search work was that the generally accepted tem¬ 
perature of 250° C. for the maximum temperature of the 
thermal decomposition of coal was a little bit high and 
that 245° C. is the correct maximum—a difference of 5 de¬ 
grees. 

° i 

We also quote from Taylor and Porter’s Technical Paper 
No. 140, Bureau of Mines, 1916, page 44, as follows: 

* ‘ Coal probably breaks down more or less at fill tempera¬ 
tures, but the temperature at which reactions occur to any 
extent in experimental time is considerably above normal 
atmospheric temperatures. With bituminous ! coal of the 
Pittsburgh type volatile matter begins to distill in appre¬ 
ciable quantities at 250° C. (482° F.), and with Western 
coals, especially the subbituminous types, at ^ still lower 
temperature.” 

We also refer to Porter “Coal Carbonization”, 1924, 
where he states that (on page 82)— 

I 

“Investigations of the moisture content of iome typical 
coals by G. A. Hulett, E. Maekand and C. ]P. Smytlie, 
(Amer. Jour. Sec. 43, 1917, pp. 89-110, and 4 ; % 1918, pp. 
174-84) have clearly shown the existence of g critical de¬ 
composition temperature, varying with the (foal type at 
which ‘synthetic water’ makes it appearance, ib distinction 
from the free moisture and that held as a condensed film on 
the surface of colloidal coal particles. These tjemperatures 
are in the neighborhood of 250° C.” ! 

3—6261 a 


i 

i 
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We refer also to David Brownlie “Low Temperature 
Carbonization” given before the South Wales Institute of 
Engineers April 2, 1926, page 98, where the author states: 

“Delkeskamp has followed up in great detail a number 
of lines of research in this field, one of which for example 
was to carbonize the raw lignite in stages; the first to cover 
the range up to 484° F. (250° C.) was to drive off by internal 
heating all the moisture and low grade gases without the 
formation of oils.” 

The foregoing, together with the publications previously 
in the record, are believed to clearly demonstrate the cor¬ 
rectness of applicant’s position and the sufficiency of the 
definiteness of the terms he has employed in his specifica¬ 
tion, in law. 

Further in support of the above we append hereto the 
affidavit of G. F. McClellan, Power Engineer for 
92 Henry L. Dougherty & Company of New York and 
a man of wide experience in this art. We will not 
here repeat the substance of his affidavit for it confirms 
what has just been above said. 

The Examiner called attention to the fact that the affi¬ 
davit of Frederick W. Martin with reference to the letters 
relating to tests made by others, with the applicant’s 
treated coal, did not sufficiently identify the coal which they 
tested as being coal prepared according to the specification, 
so to supply that gap the affidavit of Arthur G. Buck, Test 
Engineer of the Thermolized Coal Corporation, the man 
who prepared the coal which was so tested, is attached 
hereto. 

With respect to Bone it is quite true, as stated by the 
Examiner, that he uses a temperature below that at which 
destructive distillation begins, but he does use a tempera¬ 
ture above that at which initial thermal decomposition be¬ 
gins, which is something else again. 

Bone himself makes this clear in his book “Coal and Its 
Scientific Uses” published by Longmans, Green and Com¬ 
pany, London, in the year 1919, Second Impression, where 
he states, page 126, paragraph 1, the following: 

“The primary decomposition of the coal substance as 
they themselves prove, begins at 200° C. (or thereabouts) 
with an elimination of water and oxides of carbon, and 
continues up to and probably beyond 450° C. 
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i 

I 

In his patent he gives 250° C. as the lower limit and 
400° C. as the upper limit of his heat treatment, his treat¬ 
ment, therefore, being within the range instead jof below the 
range at which thermal decomposition t^kes place. 

93 The reason why Bone has to go above the tempera¬ 
ture at which thermal decomposition begins is quite 

obvious. His main object is to drive off water so that for 
a given bulk of lignite (or brown coal) he will have much 
increased calorific value. He himself recognizes that he 
cannot drive off that moisture except in a rangje above that 
at which thermal decomposition begins and Kihg and Will- 
gress fullv corroborate him in this in that section of their 
paper beginning page 14 wherein they point oqt that water 
is driven off at much higher temperatures than that at 
which thermal decomposition begins. Insofar las Bone was 
concerned, his object was to be gained by driving off water 
and if as an incident thereof he also partially decomposed 
the coal and thus suffered a loss, this loss was negligible 
as compared with the increase in calorific valug for a given 
bulk obtained by driving off the water. 

Furthermore, additional support is found for this in the 
affidavit of McClellan and also the affidavit 6f the appli¬ 
cant supplied herewith, in which they state that they have 
tested Brown coal (Hungarian Brown coal) by crushing 
into small pieces, heating it throughout in iiiert gases to 
410° F., at which temperature oil and oily jvapors were 
plainly apparent showing that initial decomposition had 
already begun; and that such coal was treated to 450° F. 
substantially throughout, at which temperature decompo¬ 
sition was very active, the coal coming ^ut of the re- 

94 tort smoking and charring, showing jvery conclu¬ 
sively that Bone was correct in the quotation from 

his book above given wherein he states that the primary 
decomposition point of such coals begins at 200° C. or 
thereabouts. 

The new claims submitted clearly differentiate from 
Bone, and as the Primary Examiner reviewed these at the 
aforesaid interview and also considered Bc|ne it is not 
thought necessary to here analyze the claims,! it being suf¬ 
ficient to point out that they call for a treatment substan¬ 
tially above a temperature at which water lj>oils and not 
above that at which thermal decomposition begins. 

1 
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As to the article claims the applicant is believed to be 
entitled thereto for the reason that he does have a new 
fuel as a result of his treatment. It is non-autogenous and 
non-explosive even in pulverized form and has many other 
advantages which have been previously pointed out in this 
case, such, for example, as increased friability facilitating 
pulverization, capacity to be burned at enormous rates per 
cubic foot of furnace volume as compared to the best pres¬ 
ent practice, the absence of slagging, etc., etc. 

The only other reference apparently regarded as having 
any significance is Michie, No. 1,423,134, but it is believed 
to be very plain that Michie did not have even the re¬ 
motest conception of the present invention. He has a proc¬ 
ess of low temperature distillation of coal which, of course, 
obviously involves decomposition. He points out that there 
is a difficulty incident to the feeding of cold coal into 
95 a retort, namely, that the gases evolved in the retort 
in passing over cold coal, condense, producing ob¬ 
jectionable operating conditions. Therefore, he wants to 
heat the coal sufficiently to prevent this condensation and 
he uses gases for this purpose which are not above 250° C. 

Obviouslv all that he need do is to heat the surface of 
his lump coal to a sufficient point to raise the temperature 
of the surface enough to prevent condensation. He obvi¬ 
ously could not heat all of the coal throughout to that tem¬ 
perature because his process is a continuous one and it 
would be impossible from practical considerations to pro¬ 
vide a conveyor with sufficient length of travel to keep the 
moving coal in a stream of gases long enough to heat the 
coal throughout. 

It is believed that this reference is so non-analogous that 
further discussion is not needed. In passing the Examiner 
briefly commented upon the terms 44 endothermic phase of 
combustion” and the 44 exothermic phase of combustion” 
and asked for some authority. This is supplied in the affi¬ 
davit of Mr. McClellan and also in Haslam and Russell’s 
Book “Fuels and Their Combustion”, Page 170, wherein 
they flatly recognize that the substance of complex fuels 
such as coal decomposes before active combustion takes 
place. 

It is, furthermore, believed that, the applicant himself 
has given a definition of these terms in his specification. 
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AFFIDAVIT OF ARTHUR G. BUCK 


i 


i 



i 

i 

Arthur 0, Buck being, duly sworn, deposes and says 
that he la Test Engineer for the Tfeersaolised Coal Corpora¬ 
tion, and a resident of Somerville, New Jersey. 

I 

mat he himself prepared the thermollxed coal con¬ 


cerning test of which Messrs. Surdjkowskl, Bedwell t MoClellan 
and Lena wrote to the Company as set forth in the ejffldavlt 
of Frederick w. Martin hereinbefore, filed lm the oese; that 
such coal was ordinary bituminous, crushed to about one qnar- 

• i I 

ter inch sins, heated throughout lm inert games to )a tempera¬ 
ture of from 400°F« to 450°F., the process of the supplication 

I 

being followed and the treated product being pulvesflsed. 



Sworn to end substrlbeft before me this 


of 


^ uVOTB lO a 


/a 


day 


(seal) 
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CARBONACEOUS MATERIALS OF 
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Serial No. 265,303, 

Dlv. 59 - Room 315. 


AFFIDAVIT 0? CHARLES M. BUCK 


State of 


County of 




) 

ss. 

) 


Charles M. Buck, being duly sworn, deposes and says 
that he is the applicant in the above entitled ease; that he 
has tested Brown coal such as that referred to in the Bone 
patent cited in the application and more particularly has 
tested Hungarian Brown Coal (lignite) in the following man¬ 
ner: The ooal was crushed to small pieces about one quarter 
inoh in size and heated in inert gases until the coal was 
brought to a temperature of 410°F. substantially throughout, 
at which temperature oil and oily vapors were plainly ap¬ 
parent, showing that initial decomposition had already been 
under way. 

That he treated a second saaple of the same coal, 
crushed in the same manner and heated in inert gases to 
about 450°F.,at which temperature decomposition was very 
active, the ooal coming out of the retort smoking and 
charring. 


- 1 - 
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That In both teats the temperature was obtained by 

i 

Inserting a thermometer in the coal immediately as it flowed 
from the retort. j 

I 

That prior to the filing of his application he has 

treated the following coals in tho manner described in his 

I 

application, namely, bituminous coala from Vest Virginia. 
Kentucky, Tennessee, Ohio, Indiana, Illinois and Iowa, and 

lignite from South Dakota; that the maximum temperature of 

I 

initial thermal decomposition was approximately 2S6°C. or 
0 i 

.482 F., the temperature for initial decomposition being sub- 

I 

stantially lower for the lignite. 

The foregoing coals when heated as described in 
the application from.a temperature above that at which wa- 

i 

ter bolls to approximately that at which thermal decomposi¬ 
tion begins, had all of the properties set forth in the 
specification. ; 

i 

And that, therefore, by actual tests h* had as¬ 
certained, prior to the filing of his application, that 

i 

I 

the coal had the properties he described when so treated; 

j 

that the temperature at which initial thermal deoomposl- 

j 

tlon could be readily determined in this particular case, 
and that the generally assumed maximum taaperaturp of 250°C. 

i 

set forth in numerous publications prior to the filing of 


his application was correct. 



I 

I 
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When coal is introduced into the furnace obviously 
96 the first thing which must occur is the absorption of 
heat bv the coal because it must be raisejd to the tern- 
perature at which active combustion can take jplace. Dur¬ 
ing this absorption of heat occluded gases and surface 
water arc driven off and structural changes comparable to 
what occurs with water at the boiling point anc} with molten 
metals at their critical points must take place, tjhese changes 
being accompanied by the absorption of heat without rise 
in temperature. Then thermal decomposition must also 
take place, because it occurs at a temperature below that 
at which active combustion occurs, then ensues active com¬ 
bustion. 

The applicant heats to the point at which I thermal de¬ 
composition begins and terms what occurs thereafter as 
the “exothermic phase of combustion’’ becausj} then oxida¬ 
tion is taking place. Therefore, even in the absence of au¬ 
thority the specification is adequate in the eyqjs of the law 
because even had the applicant evolved wholly new and 
original terms, he is entitled to use them as long as he 
makes his meaning clear, and this is believed to be done in 
the specification. 

Applicant is not claiming anything new as see, for exam¬ 
ple, original claims 6 and 7 and certain of 
claims. 


the method 


For the convenience of the Examiner photostats of King 
and Willgress’ article and the portions of the Bureau of 
Mines technical papers Nos. 140 and 183, referred to, are 
attached hereto along with the affidavits above men¬ 
tioned. 

97 It is believed that the case is now in Condition for 

i 

favorable action and the Examiner is Requested to 
receive the amendment and the material abovq supplied. 
Respectfully, 

CHARLES M. BUCK, 

Bv SYNNESTVEDT & LECHNER, 

Attorneys. 

HLL/R. 

(Here follow photolithographed pages 98 tq 100 ine.) 
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101 [Stamp:] U. S. Patent Office, Application Div., 
Mar. 24, ’31. 

[Stamp:] U. S. Patent Office, Division 14, Mar. 24, 1931. 

Law Offices of 


Synnestvedt & Lechner, 


Patents and Patent Causes, Trade Marks. 
1015 Chestnut Street, Philadelphia. 


Paul Synnestvedt, Harvey L. Lechner. 

Cable Address Paulsvn. 

* 


In re Application of Charles M. Buck. Treatment of Coal 
and other Carbonaceous Materials of a Similar Nature 
and in the Product Produced. Filed Mar. 28, 1928. 
Serial No. 265,303. 


Affidavit of G. F. McClellan. 


State of New York, 

County of New York, ss: 

G. F. MdClellan, being duly sworn, deposes and says that 
he has been for a number of years Power Engineer for 
Henry L. Dougherty & Company of New York, and that for 
many years he has been engaged in engineering work in¬ 
volving the development of power and the combustion of 
fuels and has had a wide experience in fuels: 

That he has read the above entitled application and also 
the last Office action and understands the same; that prior 
to the tiling of such application it was generally accepted 
and known in the art that 250° C. (about 482° F.) was the 
temperature at which the thermal decomposition of coal 
begins; that it was also known that the temperature at 
which thermal decomposition begins varies somewhat with 
the particular carbonaceous material but that the said 
250° C. was accepted generally as the maximum tempera¬ 
ture at which thermal decomposition was initiated. 
102 That the above is so is evidenced, for example, by 
the technical paper No. 16 entitled “The Primary 
Decomposition of Coal”—1. The Temperature of Initial 
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Decomposition, by King and Wilgress, published by the 
Department of Scientific and Industrial Research, Great 
Britain, March 1927, and in which reference to jmuch older 
publications is given; that the Department of Scientific and 
Industrial Research generally corresponds to jtlie United 
States Bureau of Mines, although the publications of the 
former are technically given a better standing! than those 
of the latter. 

That in the second paragraph of page 1 of |said article 
the general recognition of 250° C. as the temperature of 
initial decomposition of coals is recognized; tljat the pur¬ 
pose of the work done by King and Willgress aiid published 
in said paper was to determine the accuracy of that tem¬ 
perature, for which special methods and apparatus were 
devised and described in the article, the net result of their 
investigation being represented in the conclusions on page 
18 of the article, to wit, that the maximum temperature for 
the initial decomposition of coals was 245° C., or 5° lower 
than had generally been assumed to be the case. It is cer- 
tainlv significant that they were able to make as fine a dis- 
tinction as 5° of temperature in which oil and oily vapor 
would or would not appear; 

That as stated on page 5 of said article, the appearance 
of oil or oily vapor is generally accepted as the evidence of 
initial thermal decomposition of coals; 

103 As further evidencing the acceptance! of 250° C. 

generally as the beginning of thermal decomposition 
attention is directed to the following quotation from Por¬ 
ter’s 44 Coal Carbonization” of 1924, page 82, fi*om which I 
quote as follows: 


44 The Moisture Content of Some Typical Cohls by G. A. 
Hulett, E. Mackand and C. P. Smythe (Amer, Jour., Sec. 
43, 1917, pp. 89-110, and 45, 1918, pp. 174-84) |iave clearly 
shown the existence of a critical decomposition tempera¬ 
ture, varying with the coal type at which 4 synthetic water’ 
makes its appearance, in distinction from the free moisture 
and that held as a condensed film on the surface of colloidal 
coal particles. These temperatures are in the neighborhood 
of 250° C.” | 

In addition, Brownlie in a paper entitled f 4 Low Tem¬ 
perature Carbonization,” given before the South Wales In¬ 
stitute of Engineers, April 2, 1926, page 98, stjated: 
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“Delkeskamp has followed up in great detail a number 
of lines of research in this field, one of which for example 
was to carbonize the raw lignite in stages; the first to cover 
the range up to 484° F. (250° C.) was to drive off by in¬ 
ternal heating all the moisture and low grade gases without 
the formation of oils.” 


This also shows that he regarded 230° C. generally as the 
point at which oils appeared and that this was the begin¬ 
ning of thermal decomposition. 

That prior to the filing of such application it was known 
that the beginning of the thermal decomposition of carbo¬ 
naceous material such as peat, lignite and bituminous 

104 coals could be readily ascertained and can be so as¬ 
certained, and as one evidence thereof attention is 

directed to the table appearing on page 13 of the said arti¬ 
cle of King and Willgress where the initial decomposition 
temperature of peat is given as 180° C., lignite 235° C., 
bituminous caking as 213° C., bituminous medium caking 
230° C. and bituminous non-caking as 245° C., fumes ap¬ 
pearing at slightly lower temperatures. 

That he has read and understands the Bone patent cited 
as a reference and knows from experience that the tempera¬ 
ture at which initial thermal decomposition of the brown 
coal or lignite to which Bone refers is below the lower tem¬ 
perature limit of Bone’s treatment. 

That he has treated Hungarian Brown Coal by crushing 
to small pieces of about a quarter inch size which he has 
heated substantially throughout in inert gases to 410° F. 
at which temperature oil and oily vapors were plainly ap¬ 
parent, showing that initial decomposition had already be¬ 
gun; that he treated a second sample of such coal in the 
same manner but to a temperature of 450° F. substantially 
throughout, when decomposition of the coal was very active, 
the coal coming out of the retort smoking and charring; that 
in both tests the temperature was obtained by inserting 
thermometers into the coal immediately as it flowed from 
the retort. 

That he knew and that it was generally known prior to 
the filing of the application, that there is an endothermic 
and an exothermic phase of combustion, the first being rep¬ 
resented by changes which occur within the coal when 

105 heat is absorbed without rise in temperature and the 
second being represented where actual combustion 
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For TREATMENT OF COAL & OTHER 

carbonaceous. materials .of a _ 

SIMILAR NATURE &• IN THE PRODUCT < 
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tfMLE©- 
MAP 27 1931 


Amended March 24 ., 1931 


Applicant’s argument, exnibits and affidavit 'filed 

March 24 , 1931 bave been carefully considered. The^ show that 

o 

up to a certain time a temperature of about 250 C wajs regarded 

I 

as the point of decomposition of coal tfy some authorities. 

They also show that a generalization based upon the term "coal* 

1 

is unwarranted beoause this term embraces things of such widely 
different nature as to make generalization impossible. They 
also show that the authorities differ and that hencej there is 
no generally excepted recognition of any definite temperature 

• 1 

as marking the beginning of thermal decomposition of| coal. 

Turning now to applicant’s exhibits to paper by Katz, 

"New Views of Combustion of the Volatile Matter in Coal", 

(date of publication not shown), it is stated that coal probably 
breaks down more or less at all temperatures. 

In the British Technical Paper it 16 by King e*t al,. 

"The Primary Decomposition of Coal" - (1)The Temperature or 
Initial Decomposition" , 1927, the general tenor of the paper 
is to show that these writers reached the conclusion that 
coal in general begins initially decomposing at sligiitlylower 
temperatures than those thereto for assumed. 


106 
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with the liberation of heat occurs—an exothermic reaction. 

That the points at which any particular carbonaceous ma¬ 
terial is no longer autogenous can be readily j determined 
and that this is true also as to the presence oj absence of 
explosiveness of carbonaceous material in pulverized form. 

That he has noted the Examiner’s statement] with refer¬ 
ence to certain tests being conducted in a vacuum and that 
if conducted at atmospheric pressure higher temperatures 
would have been necessitated. This is an error! as is noted, 
for example, in the paper of King and Willgress, page 8, 
where the authors in referring to some higher temperatures 
. assumed by previous authors wherein the coal 'was treated 
under a vacuum, made the following statementi: 

“If the temperatures of decomposition arc determined 
by heating of the coal in vacuo instead of in a stream of in¬ 
ert gas, the values recorded are approximately! the same.” 

g. f. McClellan. 

I 

j 

Sworn to and subscribed before me this 13th day of 
March, 1931. 

[seal.] W. B. DUNpPHY, 

Notary Public . 

Notary Public, Queens Co. Clk’s No. 409, R<tg. No. 4920. 
New York Co. Clk’s No. 125, Reg. No. 1D155. iCommission 
expires March 30, 1931. j 

I 

(Here follows photolithographed page 106.) 

■ I 

107 In the conclusion on page 18, this j temperature 
range runs from 180° C. for peat, to 215-245° C. for 
bituminous coal. Thruout anthracite coal is given a much 
higher decomposition temperature, for example, page 13, 
it is not less than 550° C. for anthracite as determined by 
the appearance of oil, which, thruout, is the principal test 
relied on as marking initial decomposition. Tjhe most sig¬ 
nificant statement is on page 4, ‘‘(2) that visible decom¬ 
position to produce oil or tar is initiated at temperatures 
between 250 and 350° C.” The high temperature at which 
anthracite coal decomposes, 500° C., is given on page 8. 

In summarizing, the wide difference in character of coals 
and the absence of any generally recognized ppint at which 
initial decomposition can be said to have be^un makes it 
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appear that applicant did not originally disclose any point 
of differentiation over the reference Bone. It was only 
after that reference was cited that applicant was able to 
pick out from existing literature those references which 
did support a construction of his claims that differed from 
Bone. However, this is not permissible, and his original 
disclosure does not with certainty lend istelf to such a con¬ 
struction, particularly when the claims are all directed to 
“coal” broadly. There might be more force to applicant’s 
contention if the claims were limited to bituminous coal, 
since the evidence is more favorable to the view point that 
there is a point of initial decomposition of bituminous coal 
around 250° C. However it must be noted that the tem¬ 
perature used by Bone is from 250-400 when treat- 
10S ing brown coals and lignites. It can not be seen 
how applicant can draw claims so as not to overlap 
the lower limit set by Bone and hence fail to distinguish 
over it. 

In the broader aspect if it be assumed arguendo that a 
difference exists, such difference over Bone would be only 
in choosing a slightly lower point to which the heating is 
carried. The problem and result are the same. If this 
difference should be conceded, it would be one of degree 
only within the skill and good .judgment of the operator, 
who would seek to save all the combustible constituents of 


coal, while driving off all those constituents having no large 
calorific value. A number of points could be set (compa¬ 
rable to “cuts” or “fractions” in the distillation of pe¬ 
troleum) all within the expected skill of the art. Such a 
case was presented in Musgrave v. Commission, 78 0. G. 
2047, 1897' C. D. 336 and held to be lacking in invention. 

The new claims also do not distinguish in terms over 
Michie of record, page 1, lines 51-77 and 88-92. 

The amendment filed March 24, 1931 has been entered. 

The claims (50-55) are regarded as being in better form 
for appeal since they now* set an upper, tho indefinite, limit 
of temperature. 

The final rejection of these claims is adhered to. 

The period for response runs from February 26, 1931. 

Y. T. RICHARD, 

Examiner. 


(Here follow photolithographed pages 109 to 112 inc.) 
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SIMILAR NATURE AND IN THE 
PRODUCT PRODUCED, 
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May 14, 1931. 




lOlO CHESTNUT sntcer 

PHILADELPHIA 




Hon, Commissioner of Patents, 

Washington, D. C. 

i 

Sir:- 

Pursuant to an interview had' with the Primary Ex¬ 
aminer, the applicant requests that the following amendment 
be entered. 

I 

IN THE SPECIFICATION: 

Page 9. 


/s^^Jj^^^ Add the f ollowing 


v/ 


I 


—By way of illustration of the temperatures at 
which the substances of the coal begin to gasify add to dis¬ 
till (in contradistinction to the liberation of occluded gases), 
I have found that this ocours at approximately 470®(F. with bi¬ 
tuminous coals from the States of West Virginia, Kentucky and 
Tennessee; and at approximately 450°F. in the case of sub- 
bituminous coals frcm the States of Ohio, Indiana,!Illinois 
and Iowa; and at approximately 390*F. in the case of lignites * 
from the State of South Dakota. Taylor and Porter|found in 


1 - 


I 

I 
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191G that this occurred with bituminous coals of the Pitts¬ 
burgh type at approximately 482°F. (Bureau of Mines Tech¬ 
nical Paper No. 140, page 44). King and tfillgress found 
the temperature to be 215°C. for strong caking bituminous 
coal, 230°C. for medium caking bituminous coal, 245°C. for 
non-caking bituminous coal, 235°C. for lignite, and 180°C. 
for peat (see British Technical Paper No. 16 of 1927 - 
" The Primary Decompositi on of Coal", Page 13).—. 

IN THE CLAIMS: 

Claims 50 to 55 inclusive• 


Line 1, after "coal" insert —of the softer 


grades—. 


Claim 52. 


#* i- 

Line 6, before "that" insert —not above—. 

Claims 52 and 53 . lines 6 and 7, before "thermal"*'"’ 
insert —its—. 

Add the following:- _ _ 

—56. As a new article of manufacture, pulveriz¬ 
ed coal of the softer graH^es having its structure expanded 
to render it porous and chared with an inert gas such as 
flue gas. - ~ " 

57. As a new article of manufacture, pulveriz¬ 
ed coal of the softer grades freed from a substantial por¬ 
tion of its occluded inflammable gases and having its struc¬ 
ture expanded to render it porous and charged with an inert 
gas such as flue gas. 

58. As'a new article of manufacture, crusnea ~cg al -oi 
the softer grades freesof a substantial portion of its occluded 
infla mm able.gp^es and havr^g its structure expanded to render 
it porous, and charged with an\inert gas such as flue gas. 


• 2 ^ 
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59.\ix a sew product of Manufacture , crushed coal 
of the softer idea heated In Inert gases substantially 
throughout to a tS tratuxe sufficient to drive (off occluded 
gases and to tend he coal ncn-autogenoua ana also nou- 

explosiwe shen In verixed form but halo* a temperature 


at which thermal dec 
coal. 


sition begins for the particular 


of the particular coal 



60. Is a sew 


uct of manufacture, crushed coal 


of tbe softer grades heated \n inert gases substantially 
throughout to s temperature sufficient to drive off occlud¬ 
ed gases and to render the coal\non-autogenoua and also non¬ 
explosive vhea In pulverised foray but not above the tempera¬ 
ture at which gases begin to be evolved from the substance 


61. As a new product of manufacture, erushed coal 

I 

of the softer grades heated in inert gases substantially 

■ 

throughout to a temperature sufficient to drive off occlud¬ 
ed gases and to render the coal oon-autoganous and also 
non-explosive when in pulverized fcrm, but below a tempera¬ 
ture at which products begin to be distilled from the sub¬ 


stance of the particular coal. 


62. As a new product ef manufacture, crushed coa 
of the softer grades heatedVn Inert gases substantially 
throughout to a temperature sufficient to drive'ofT occluded 
gases and to render the ooal noX-eutogenous and also non- 


- 5 - 
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explosive when. In puiwerized form, but beloy a temperature 
at whloh products begln\to be distilled from the substance 
of the particular coal, s^id treated coal being then cooled.- 



REMARKS 

As suggested at the last interview, the claims have 
been limited to exclude anthracite and several new claims 
h ave been a dded. The specification has been adlded to along 
the lines suggested by the Examiner. No new matter is in¬ 
volved . 

Before discussing in detail the last jaction and 
some of the points considered in the last interview had with 
the Primary Examiner, it may clarify the issue to call at- 
tentlon to the following: 

Applicant has filed corresponding applications in 
ten different countries and it is significant that in not 
a single one of them - just as is the oase here - has there 
been a reference cited which deals with the phenomena with 
which applicant is concerned, l.e., with phenomena which oc- 
cur between what may be considered as the drylpg of ooal 
and the distillation of coal. 

| 

In the drying of ooal it has been the practice and 
it has been recommended by the Bureau of Mines, that the 
coal be dried at not higher then 150°?., because above 
that we have a temperature at which the vapor tension of 


I 
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133 the gases is such as to cause a condensation of the 
moisture on the coal and also because aboye that tem¬ 
perature spontaneous combustion is artificially initiated. 

On the other hand, references having to do with, the dis¬ 
tillation of the coal necessarily deal in temperatures which 
are above the temperature at which thermal decomposition 
begins, because decomposition is the purpose jof distilla¬ 
tion. | 

The reference, Bone, cited by the Examiner; is a good 
illustration of the latter for the reason that h}s object is 
to drive off combined moisture for the purpose of increas¬ 
ing the calorific value of the brown coal or lignite with 
which he is concerned and which carries a verv heavy 
percentage of combined water. The appreciable libera¬ 
tion of the combined water only occurs at temperatures 
above that at which thermal decomposition begins, as is 
plainly evidenced by the authorities already introduced into 
the case, and particularly King and Willgress, Technical 
Paper No. 16. From this paper it is plainly evident that 
very large quantities of combined moisture arq driven off 
at temperatures far above that at which the ^hermal de¬ 
composition begins—a fact which is recognizejd by Bone 
himself in the very specification of the range <j>f tempera¬ 
tures which he gives. The temperature at which combined 
moisture is evolved in appreciable quantities i^i lignite is 
above that at which the thermal decomposition of lignite 
begins—a fact which is also established by the authorities 
cited. The temperature at which combined moisture 
114 is evolved in appreciable quantities in bituminous 
coal is much higher—which is the reasoij -why Bone 
specifies such high temperatures for his upperj limit. 

To epitomize, let us take Michie on the oni hand and 
Bone on the other. Michie is concerned only ivith curing 
the difficulty in a distillation process which results from 
the contacting of the distilled gases with the c[old surface 
of coal, which has the effect of changing vapor tension 
and thus produce condensation. Therefore, hq dries the 
surface of the fresh coal to be charged sufficiently to pre¬ 
vent this change in vapor tension which woiild produce 
condensation. He is not at all concerned with | phenomena 
which occur between what we have termed the drying of 
coal and the beginning of the thermal decomposition or 
distillation of coal insofar as that portion of his process 
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is concerned. On the other hand, Bone is only concerned 
with the reactions which occur at temperatures above that 
at which thermal decomposition begins, and he expressly 
states that reactions occurring below' that temperature 
which he gives as 250° C. arc unimportant. 

The phenomena which occur between drying and the in¬ 
itiation of decomposition or distillation are the driving off 
of occluded inflammable gases, the expansion of the coal 
which renders it porous and makes it possible to replace 
the inflammable gases by inert gases, and the absorption 
of heat without substantial rise in temperature, which are 
necessary to effect the aforesaid change in physical struc¬ 
ture such as the expansion. This absorption of heat 
113 without substantial rise in temperature also occurs 
because of the satisfying of the chemical affinities 
which tend to make coal autogenous. That the expansion 
results in change in physical structure is evident from the 
fact that the coal is more friable. 


As has been before said, none of the references deal 
cither with this- phenomena, or the range of temperatures 
within which they occur. 

It remains, therefore, only to determine whether appli¬ 
cant’s specification as originally filed makes it sufficiently 
clear that these are the temperatures and these arc the 
phenomena v r ith which the applicant is concerned. By way 
of low limit in temperature the applicant makes it very 
plain that he is concerned with temperatures far above 
those of drying, for on page 6, about the middle, he states 
that the fuel “is not only, heated so as to drive off the 
moisture” (surface moisture), but also “the imprisoned 
explosive gases” and “sufficient to substantially expand the 
same” land produce those changes which “are necessarily 
preliminary to and in preparation for its gasification and 
exothermic oxidation ’ \ 


Further, the applicant states on page 8 that the coal shall 
be heated throughout in the presence of non-combustible 
gases “up to the temperature of the thermal decomposition 
and gasification of the substances' 9 of the coal. 

116 The foregoing thus makes it manifest that the ap¬ 
plicant in his original specification as filed clearly 
defines the range of temperature within which he operates, 
i. e., from above the boiling point of water (at which heat 
alone can drive off moisture) and the point of thermal de- 
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composition, i. e., the beginning of distillation pf the sub¬ 
stances of the coal as evidenced by the evolutio^ of gases 
and oils. 

It is of no legal consequence that the applicant does not 
specifically mention a temperature at which thermal de¬ 
composition begins and it is of no legal consequence that 
this temperature may vary with particular coali. 

To the contrary, the requirements of the law are satis¬ 
fied if, antecedent to the application, it was known that 
various coals had a temperature at which therrjial decom¬ 
position begins, and it would be of no consequence if for 
every particular coal it was necessary to experiment in 
order to determine the particular temperature for the par¬ 
ticular coal at which such thermal decomposition) of its sub¬ 
stance began. 

But the case here is much stronger in that not onlv has 
it been recognized that all coals have a temperature at 
which thermal decomposition of the substances pegins, but 
the art shows that this has been fixed for quite a! variety of 
coals, and in addition, the state of the art is such)that meth¬ 
ods and apparatus have been described j for deter- 
117 mining the temperature of the thermal decomposition 
of coals, which are so accurate that the beginning of 
such decomposition can be determined within a fraction of 
a degree and within a minute’s time from its beginning. 

It is thought that perhaps the Examiner has been con¬ 
fused by the generalization that the initial decomposition 
of coals begins at 250° C. (482° F.). This is the maximum 
temperature for all the softer grades of coal including lig¬ 
nite and peat and exclusive of anthracite. 

King and Willgrass, after a meticulous investigation, 
state that the generally accepted maximum of 250° C. at 
which the decomposition of bituminous coals begins is 
slightly too high, to wit, 5° too high, and then gijre the tem¬ 
perature for the thermal decomposition of peat land lignite 
at lower values. 

_ i 

It is believed also that the Examiner may havp been mis¬ 
led by the statement in Taylor and Porter’s| Technical 
Paper No. 140, to the effect that coal “probably” breaks 
down more or less at all temperatures. The verH r language 
employed by these authors in the statement in question 
shows that the statement is hardly as much as a surmise. 
In anv event it is immediatelv followed bv the statement 

m • V 
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that with bituminous coal of the Pittsburgh type volatile 
matter begins to distill in appreciable quantities at 250° C. 
(482° F.), see page 44. In other words, these very authors 
upon which the Examiner relies make it manifest 

118 that the application of heat begins to have appre¬ 
ciable effects insofar as decomposition of the sub¬ 
stance of the coal is concerned only when a temperature of 
250° C. or 482° F. is reached, and there is not the slightest 
recognition on their part that there are important changes 
between the temperatures for the drying of coal and the 
temperature at which such thermal decomposition begins, 
which is the field with which applicant is concerned. 

Thus it is submitted that this very article upon which the 
Examiner relies fails utterly to establish the point which 
the Examiner makes, to wit, that thermal decomposition of 
coal occurs at all temperatures. 

As the applicant remarked to the Examiner at an inter¬ 
view, a man begins to die as soon as he is born, but no 
man ever speaks of a well man being a dying man. In 
other words, the applicant is dealing with matters of sub¬ 
stance and not with inappreciabilities, so much so that they 
can onlv be surmised at. 

As applicant’s counsel stated at an interview, he is satis¬ 
fied that no Court would hold the patent, if issued, invalid 
for inadequacy of the specification, to which the Examiner 
assented. This, after all, is the real test. Any other test 
would go to form and not to substance, and the whole spirit 
of the specification, let alone its specific statements which 
have been hereinbefore quoted, make it clear what the ap¬ 
plicant was driving at and that he was describing 

119 phenomena which occur between certain tempera¬ 
tures which can be readilv determined for anv sriven 

coal and which, therefore, in the eyes of the law, are al¬ 
ready certain because they are capable of being made cer¬ 
tain and definite. 

The applicant has taken the liberty of adding a few new 
claims to which the attention of the Examiner is prayer¬ 
fully directed. It is believed that they, with the other 
claims remaining in the case, will be found to verv clearlv 
differentiate from the art for reasons which appear herein¬ 
before. 

Reverting again to the reference Bone, it will be clear 
from the following that the claims plainly differentiate in 


OH. 
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The proposed amendment, filed Kay 15, 1931* has not been 

entered because it does not put the ease ih condition for allow* 

i 

ance. 

I 

Bad the amendment been entered it sou Id be necessary to 
make an action somewhat os follows: j 

Claims 50# 51, and S3 to 55 to the process do not distin¬ 
guish from "Rigby #1,517»755> Oec- 1924* 44-Ix , ^ , . This patent 

treats peat or lignite by suspending then in a comminuted con- 

j 

dltlon in a current of hot gases such as combustion or flue 
gases of such a temperature that after they hare imparted the 11? 
heat to the material the gases still have a temperature between 
75° 150 0 C. It is believed that the finely powered material 

would attain a temperature about 100° C. 

Claim S2 still reads on Bone. 

In the new claims, such as 56 to 58» the feature that the 
pulverized fuel is "charged with an inert gas" is a new aspect of 
the product. This would be true equally as muoh a produot of 
Rigby, br Bone. 

Other claims, suoh as 59 to 62, define the product in terms 
of the process, and the outstanding process feature is the tem¬ 
perature. This is recited as "sufficient to drivejoff occluded 

gases-*. This is an uncertain limitation but obviously would 

fall within the range of one of the references; namely, Rigby, up 

/.■TV 

to 150° C; Michie, whose range is 150 0 to 250° G;[ and) Bone, 250° 
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to 400° C. !t is conceded that Tlichie does not discuss the char¬ 
acteristics of the intermediate products resulting from his treat- 
meat at 150° to 25°° c » However, since he treats tho same mater¬ 
ial as applicant and treats with flue^jaees and at a temperature 
which corresponds with that which j^icant»s anendod disclosure 

seems to prefer, it necessarily follows xnat his produot would he 
the sane* 

None of the' claims, as it is proposed to amend them, would 
he patentable. The final rejection must, therefore, be adhered to. 

The period for apueal runs from February 26 , 1931* 
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3ir:- 


Pursuant to ah inteivies of even; date with 


the Primary Examiner, the applloant request* re 00 ns iteration of 

j 

the refusal to enter the amendment of Kay 14, 1931. 

It is requested that the amendment be 

/ s s y - y —i- 

entered exoepfat to Claims 56. 58. 59. 60 and 68, and unon the 
■ ” 

understanding that in case the remaining portion of the aaendmant 
be entered for purposes of appeal, olafca. 57 thereof} shall be 

treated as a substitute for dalm 55-and that olalm 61 shall be 

j 

considered as a substitute for elaim 54. If the amendment will 
be received for purposes of appeal on the above basis, then thlz 
amendment la to be oonstrued as oanoelllng olaims 54 and 55. 

The oaae would then go up on appeal on olaims 
50 to 53 inclusive and claims 57 and 61 of the amendment of May 
14 th. 

I 

If the amendment will be thus rooelved, then 
applloant sill recognize that the Office action of July 7, 1931 
la a part of the rsoord on appeal and the applloant will salve 
any right that he may have to oonslder said offled sotion of 
July 7th as reopening the case. 


By the above action the number of 

I 

appeal sill have been reduced to the same number as 

I 

case as finally rejected. 


olaims on 
was in the 
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substance as well as in terms. Thus, for example, if the 
process of any of applicant’s claims be carried oyit on brown 
coal or lignite, it will be seen that the process claims neces¬ 
sarily call for an upper limit of temperature which is lower 
than Bone’s, because, as established by the affidavits of Mc¬ 
Clellan and Buck, the temperature at which the decomposi¬ 
tion of brown coal and lignite begins is at 212°! C. as com¬ 
pared with 250° C. which is Bone’s lower limit. Similarly, if 
you take bituminous coal and follow the process of the 
claims, you will not only be still below the lo^ r er limit of 
temperature specified by Bone for lignite, but much farther 
below that which would be required in practicing Bone’s 
process on bituminous coal, for the reason thsit combined 
moisture in coal can only be driven off at a muchjhigher tem¬ 
perature than it can in brown coal or lignite—which 
120 is recognized by Bone in that he specifies $ very much 
higher temperature for his upper limit, j 

As to Michie, from what has been hereinbefore stated it 
is believed to be clear that the claims distinguish not only 
in substance but in terms. His is a continuous process of 
distillation as a part of which he raises the surface of the 
coal to a sufficient temperature to prevent condensation of 
the gases evolved in the distillation, which, of course, is a 
wholly different concept. 

It is requested that the amendment be entered and it is 
believed that the case is in condition for allowance. 

Respectfully, 

* CHARLES M. BUCK, ! 

By SYNNESTVEDT & LECH^ER, 

Attorneys. 

HLL/R. 

I 

(Here follow photolithographed pages 121 td 123 inc.) 

124 Claims 57 and 61 present the subject matter of 
claims 54 and 55 in better form. Claim 57 (corre¬ 
sponding to 55) is more limited than claim 5i5 in that it 
brings out the fact that the coal is charged with flue gas. 
This results from applicant’s process of heating in the 
presence of inert gas and may help to make the coal non- 
autogenous and non-explosive. Claim 61 (substituted for 
claim 54) is more limited and states the character of the 
product more fully and is thus in better form fqr appeal. 
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The amendment to claims 50 to 55 of the amendment of 
May 14th should be entered as placing the case in better 
shape for appeal for the examiner indicated on the second 
page of the office action of March 27th, near the bottom, that 
there would be more force to applicant’s argument if the 
claims were limited to bituminous coal. 

With rbspect to the examiner’s statement that claim 57 
where it specifies that the fuel is 44 charged with inert gas”, 
presents a new aspect of the product, attention is called to 
original claim 18, last line, where the product is stated to 
be 44 saturated with non-combustible gas”. This follows as 
a consequence of applicant’s heat treatment and cannot be 
properly treated as new matter because it was originally 
claimed in the case as filed. 

Since the applicant is prepared to treat the office action 
of July 7th as being in the record and forming part of the 
basis for the final rejection, for purposes of appeal, it is 
not thought necessary to discuss the new reference. How¬ 
ever in this connection it is believed that the examiner’s 
own statement of what is disclosed in this- patent serves to 
bring out the distinctions and that such distinctions are 
patentable. 

Respectfully submitted, 

* CHARLES M. BUCK, 

By SYNNESTVEDT & LECHNER, 

Attorneys . 

(Here follow photolithographed pages 125 and 126.) 

127 #21. 

[Stamp:] Mailed Sep. 18, 1931. 

Department of Commerce, United States Patent Office, 

Washington, D. C. 

Div. 59, Rm. 315. 

VIR/AW. 

In re Application of Charles M. Buck. Ser. No. 265,303. 

Filed Mar. 28, 1928. For: Treatment of Coal and Other 

Carbonaceous Materials of a Similar Nature and in the 

Product Produced. 

Before the Board of Appeals on Appeal. 
Examiner’s Statement . 

This is an appeal from the rejection of all the claims for 
lack of a sufficient original disclosure, and for lack of pat- 
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Comminnoner of Pairrtt. ^PPlio^' OflfiBB H. Buck 


/ Synnestvedt i-eohner, 
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1 -thiladelphia, Pa. 


piled »S^2§;ig28 

' or Treatment ofj coal and 
othepfcarbonaceoup Materials 
of a Similar .Bia tyre, etc.- 


Amended Aug. 4,1931 : 


As a result of an interview Aug. 4 , 1931 the amendment 

1 

of that date and previous amendments have been entered 
in order to put the case in better condition for appeal. 

I 

A condition of its entry was the stipulation ulbh counsel 

! 

that the references and reasons applicable to those claims 

| 

nos entered but not then entered, and which were mentioned in 
office letter of July-?* 1951 iPhpe* 17) should become 

applicable,without reopening the case, to the olaimsj 

1 

now about to be made the subjeot of appeal. 

rhe claims now in the oase, all of which are unider final 

I 

rejection and subjeot to appeal are: 

Claims 90-53» 57 and 63. 

The period for appeal runs from Feb. 26,1931* 
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IN THE UNITED STATES PATENT OFFICE 


In re: Application of 
Charles M. Buck, 

TREATMENT 07 CO&L AND OTHER 
CARBONACEOUS MATERIALS OF A 
SIMILAR NATURE AND IN THE 
PRODUCT PRODUCED, 

Filed March 28, 1928, 

Serial No. 265,303, 

Div. 59 - Room 315. 



Philadelphia, Pa. 
August 10, 1931. 


APPEAL 


I hereby appeal to the Board of Appeals from the 
decision of the Principal Examiner In the matter of the above 
entitled application which was, on February 26,1931, rejeoted 
for the second time. The following are the points on which ap¬ 
peal is taken. 

1. The Examiner erred In rejecting the claims. 

2. The Examiner erred in not allowing the elalas. 

3. The Examiner erred In holding that the origi¬ 
nal disclosure Is Insufficient to support the claims and to dif¬ 
ferentiate over the references. 

4. The Examiner erred In not holding the olalas 
over the references cited. 

An oral hearing Is requested. 

Appeal fee of $15.00 Is enclosed herewith. 
Respeotfully, 




patentable 
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entable novelty in the amplified disclosure. The claims 
appealed are: 

50. A method of preparing coal of the softer! grades for 
its subsequent use which comprises crushing jtlie coal to 
comparatively small pieces, and heating the Coal, in the 
presence of inert gas sufficiently free from aid to prevent 
combustion, until it has reached a temperatujre substan¬ 
tially throughout of from substantially above!that of the 
boiling point of water to not above that at which thermal 
decomposition of the particular coal begins. 

51. A method of preparing coal of the softer grades for 
its subsequent use which comprises crushing the coal to 
comparatively small pieces, and heating the Coal, in the 
presence of inert gas sufficiently free from aid to prevent 
combustion, until substantially above that of the boiling 
point of water to not above that at which thermal decom¬ 
position of the particular coal begins, and pulverizing the 
coal so treated. 

52. A method of preparing coal of the softer grades for 
its subsequent use which comprises crushing! the coal to 
comparatively small pieces, heating the coal, jin the pres¬ 
ence of inert gas sufficiently free from, air to prevent com¬ 
bustion, until it has reached a temperature Substantially 
throughout approximately not above that at which its ther¬ 
mal decomposition begins, and cutting off further heating. 

53. A method of preparing coal of the softer grades for 
its subsequent use which comprises crushing | the coal to 
comparatively small pieces, and heating the | coal, in the 
presence of inert gas sufficiently free from ajr to prevent 
combustion, until it has reached a temperature substantially 
throughout which is sufficiently high to make the coal non- 
autogenous but below that at which its thermal decomposi¬ 
tion begins. 

57. As a new article of manufacture, pulverized coal of 
the softer grades freed from a substantial portion of its 
occluded inflammable gases and having its Structure ex¬ 
panded to render it porous and charged with! an inert gas 
such as flue gas. 

128 61. As a new product of manufacture, crushed 

coal of the softer grades heated in ine[rt gases sub¬ 
stantially throughout to a temperature sufficient to drive 
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off occluded gases and to render the coal non-autogenous 
and also non-explosive when in pulverized form, but below 
a temperature at which products begin to be distilled from 
the substance of the particular coal. 

The references relied on are: 

Michie, 1,423,134, July 18, 1922, x 44-1. 

Rigby, 1,517,755, Dec. 2, 1924, x 44-1. 

Bone, 1,594,994, Aug. 3,1926, x 44-1. 

The original disclosure deals with the pulverizing and 
heat-treatment of “coal and other carbonaceous materials” 
in an atmosphere of inert gas. 

No particular kind of coal was specified as being in¬ 
volved, although “soft coal” was referred to (page 1, line 
4) as being a prior source of pulverized coal which intro¬ 
duced certain disadvantages. The original disclosure, then, 
involves coal or other carbonaceous materials broadly, and 
not any particular grade of coal, unless some one can be 
inferred from “ordinarv coal of commerce” (page 3, line 
2 .) 

In applicant’s heat treatment no particular duration of 
heating was given, and no temperature limits designated 
by their numerical values. The temperature to which the 
coal is to be treated was disclosed only in terms of what the 
Examiner has regarded as uncertain and indefinite values, 
based upon an unproven and inaccurate theory. 

Applicant’s theory appears to be that for coals in gen¬ 
eral, and possibly for each coal, there is a definite point in 
an increasing temperature scale where “thermal decompo¬ 
sition” begins, and by “thermal decomposition”, he ap¬ 
parently means destructive distillation. Applicant cites 
several publications to confirm his theory, while the Ex¬ 
aminer hals contended (see paper 15) that coals are ex¬ 
tremely complicated substances of widely different 
129 composition, which on heating to increasing tem¬ 
peratures give off a number of products—water 
vapor, occluded gases, water of composition, oils and hy¬ 
drocarbons, and that for each product the temperature 
range is quite large (particularly with different coals) and 
overlaps the ranges at which other products are evolved— 
hence no definite “thermal decomposition” point exists. 
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Of the exhibits filed by applicant: 

(a) King & Willgress—Primary Decomposition of Coal, 

(b) Katz—New Views of the Combustion of|the Volatile 

Matter in Coal, 

7 

it is believed that they amply confirm the Exafiiiner’s view 
that no such definite point exists and that therefore ap¬ 
plicant’s definition of temperature at which h^ treats coal 
was wholly inadequate, either as a disclosure or for the 
purpose of distinguishing from the prior ailt which has 
been cited herein. As indications of the temperature used 
applicant mentions (page 3, lines 6 and 7)— 

‘ 4 bring the entire mass of the fuel to the point of gasifica¬ 
tion.” 

! 

and page 6, lines 14 to 20— 

“not only heated so as to drive off the moistjure and also 
the imprisoned explosive gases, but is heated to a point 
sufficient to substantially expand the same and produce 
those changes in its composition and structure! which occur 
during the endothermic phase of combustion and are neces¬ 
sarily preliminary to aid in preparation for it$ gasification 
and exothermic oxidation.” 

Page 8, lines 9 to 13, disclose— 

“heating—to the temperature of the thermal decomposition 
and gasification of the substances—” 

Page 1, lines 10-, refer to prior products as— 

“not having had any of these changes brought dbout therein 
which occur during the endothermic phase o^ combustion 
in preparation for the gasification of their siibstances. ” 

130 Reference to page 1 of the Katz publication shows 
that the “endothermic phase” runs to 750° C. and 
the exothermic phase is above that. This "would make 
750° C. the limit, whereas applicant seems to have pre¬ 
ferred 250° C. as the transition point (Amendment D 2 ) be¬ 
tween the “endothermic phase” and the point where gasi¬ 
fication begins. 

The setting of such a low limit as 250° C. may be due 
to the citation of the patent to Bone, since tikis limit first 
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appeared as Amendment A 1 in paper 4 following the cita¬ 
tion of Bone. 

Turning now to the application of the references to the 
present amplified disclosure, and assuming but not admit¬ 
ting that the amendments now in the case are proper ones, 
we find the claims excluding anthracite coal and directed 
to the range of soft coals generically known as bituminous 
and said to have a definite decomposition point of about 
250° C. The process claims 50 to 53 call for two steps— 
crushing and heating. Crushing is a preliminary to all 
such heat treatments so may be regarded as conventional. 

The heating is done (a) in the presence of an inert gas 
and (b) within the range of above the boiling point of 
water—and extending up to but not over the decomposition 
point, which means not over 250° C. in general. 

Rigby 1,517,755 dries pulverized lignite in an inert gas, 
which gas enters at a temperature of 250° C. and conducts 
the drying of the lignite so that the material is probably 
heated to a point between 75° and 150° C., because of being 
finely powdered, and being carried in suspension in the hot 
gases. The upper limit lies within that defined by appli¬ 
cant’s process claims 50 and 51, and possibly 53, and 
131 product claim 61. Process claim 52 appears to call 
for heating to the maximum and hence it appears 
that one of the references, Rigby (1,517,775) (75 to 150° 
C.), Michie (150 to 250° C.) or Bone (250° to 400° C.) 
would anticipate this claim, according to the temperature 
which would correspond to applicant’s definition. See the 
paragraph commencing at the bottom of Paper 17 herein, 
of July 7, 1931. 

Claim 57 calls for coal which is “expanded” and charged 
with inert gas. This embodies a thought that “inflam-a¬ 
ble” gases have been driven out and replaced by inert 
gases. Whether this can occur appreciably below 250° C. 
is doubtful, according to the chart on page 43 of Katz and 
the text on page 6. However, if the limit “thermal decom¬ 
position” temperature is to be construed as a “nose of 
wax” which can be changed according to the exigencies of 
argument, undoubtedly some point can be reached where 
the coal has parted with some occluded H, CO or CH 4 and 
upon cooling absorbs C0 2 from the flue gas. Whatever the 
temperature of treatment may be, it will fall within one 
of the processes of the three references above pointed out, 
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and consequently one of the products. This is true of the 
intermediate product of Miehie, for example, even though 
his preheating is for another purpose, and e^en though 
the product of his preheating is immediately passed to the 
retort A for further treatment (distillation). 

Attention is particularly called to the remarkable simi¬ 
larity of Bone to the applicant’s process with the single 
exception that applicant has now set the temperature of 
operation to one just below that at which Bone operates. 
Summarizing: It is believed applicant has not defined 
anything novel in the appealed claims, but at most 

132 has recognized some advantages of an old product 
which were inherent but not made thd subject of 

publication. 

V. T. RICHjARD, 

Examine);, Div. 59. 

i 

Synnestvedt & Lechner, 1015 Chestnut St., Philadel¬ 
phia, Pa. 

| 

133 [Stamp:] U. S. Patent Office, Board !of Appeals, 

Mailed Mar. 15, 1932. j 

OVT. | 

In the United States Patent Office. 

Before the Board of Appeals. 

Appeal No. 3285. j 

i 

Paper No. 24. j 

Ex parte Charles M. Buck. j 

Application for Patent filed March 28, 192^, Serial No. 
265,303. Treatment of Coal and Other Clarbonaceous 

Materials of a Similar Nature and in the Product Produced. 

. 

Appeal No. 3285. Hearing: February 24, 1932. 

Messrs. Synnestvedt & Lechner for applicant. 

Decision. 

This is an appeal from the decision of the Primary Ex¬ 
aminer finally rejecting claims 50-53 inclusive, 57 and 61. 
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Claims 50 and 57 are illustrative and are: 

50. A method of preparing coal of the softer grades for 
its subsequent use which comprises crushing the coal to 
comparatively small pieces, and heating the coal, in the 
presence of inert gas sufficiently free from air to prevent 
combustion, until it has reached a temperature substan¬ 
tially throughout of from substantially above that of the 
boiling point of vrater to not above that at which thermal 
decomposition of the particular coal begins. 

57. As a new article of manufacture, pulverized coal of 
the softer grades freed from a substantial portion of its 
occluded inflammable gases and having its structure ex¬ 
panded to render it porous and charged with an inert gas 
such as flue gas. 

134 The references relied upon are: 

Michie, 1,423,134, July 18, 1922 
Rigby, 1,517,755, Dec. 2, 1924 
Bone, 1,594,994, Aug. 3, 1926. 

Exhibits of record are: 

(a) King & Willgress—Primary Decomposition of Coal. 

(b) Katz—New Views of the Combustion of the Volatile 

Matter in Coal. 

The invention relates to a method of treating coal and 
the product obtained. In carrying out the method the coal 
is crushed into small pieces and it is then heated in a retort 
in the presence of an inert gas free from any substantial 
amount of air to prevent combustion. The exact maximum 
temperature to which it was heated was not stated in de¬ 
grees in the original specification but it was stated that the 
fuel is heated to the point of gasification. Applicant de¬ 
sires to obtain a pulverized coal product from this treat¬ 
ment which is freed from occluded inflam-able gases and 
which has its structure expanded to render it porous and is 
charged with an inert gas and which product has a high 
calorific value. 

The examiner in applying the references has pointed out 
that applicant’s original specification is so indefinite in 
specifying the heating temperature employed that it may 
be construed to fall within the range of temperatures speci¬ 
fied in the references. On page 3, lines 5-8, it is stated 
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that in heating “a temperature is maintained sufficient to 
bring the entire mass of the fuel treated to tjhe point of 
gasification. ’ ’ On page 6, lines 14-19, it -was stated in the 
original specification: 

135 “The fuel 3 is not only heated so as to drive off 

* i 

the moisture and also the imprisoned explosive 
gases, but it is heated to a point sufficient to substantially 
expand the same and produce those changes iii its compo¬ 
sition and structure which occur during the endothermic 
phase of combustion etc.” 

i 

i 

In lines 9-15, page 8, it is stated: 


“My process consists in crushing and heating coal or 
other carbonaceous material of a similar nature in the 
absence of air and in the presence of non-combpstible gases 
up to the temperature of the thermal decomposition and 
gasification of the substances of said materials and draw¬ 
ing off all moisture and eliminated gases anjl expanding 
said material to substantially reduce its specific gravity.” 


It appears from the above to be uncertain what is the 
maximum temperature employed as none is specifically set 
forth. In referring to the point of thermal decomposition 
specified, the examiner states that there is no (definite tem¬ 
perature where coal will thermally decompose! but that the 
temperature may vary. Applicant refers to thb publication 
of King and Willgress as establishing that such a point is 
definitely established for certain kinds of coalf It appears 
to show that at a certain temperature for each; kind of coal, 
vapor or drops of an oily nature make their appearance on 
the coal. In the case of bituminous non-caking coal the 
temperature is 245 degrees C. Applicant by an 
136 amendment made March 24, 1931, inserted in the 
specification a statement that approximately 250 
degrees C. is generally accepted as the maxiifium tempera¬ 
ture at which thermal decomposition begins of most coals. 
Whether this temperature was referred to in the original 
description is not certain but applicant contends that ap¬ 
proximately such temperature limit is what ijs referred to 
in the claims. 

The Rigby patent discloses a method of drying solid 
combustible material (and especially of fuelsi such as peat 

i 
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or lignite) by suspending the same in a comminuted condi¬ 
tion in a current of hot gases sucli as combustion gases. It 
states that a satisfactory mode of drying consists in main¬ 
taining the temperature between 75 degrees C. and 150 
degrees C. The product obtained contains 12% of water. 

The Michie patent discloses a process of low temperature 
coal distillation. Prior to adding the coal to the distillation 
retort it is subjected to steam or hot gases so as to heat it 
from 150 degrees C. to 250 degrees C. The purpose of this 
is to prevent condensation of the oils in the retort when 
the fuel is fed into it. The examiner relies on this pre¬ 
liminary treatment in rejecting the claims. 

The Bone patent discloses a treatment of brown coals 
and lignites in order to increase the calorific value of the 
fuel. The coal is heated to a temperature between 250 and 
400 degrees C. The patent states that the change in the 
fuel is “characterized by evolution of water and 
137 carbon dioxide together with a small quantity of 
carbon monoxide as substantially the only fluid 
products; that is to say, the change lias nothing whatever 
in common with what would ordinarily be termed destruc- 
tive distillation, etc.” The process is carried out by pass¬ 
ing hot boiler flue gases through the coal flowing down 
through a chute having openings in its side walls. The 
patentee states that between 250 and 375 degrees C. certain 
chemical changes occur so that more water is expelled with 
a small amount of inflam-able gas composed chiefly of 
carbon dioxide. Oil first appears as a product of the heat¬ 
ing when the temperature is about 380 degrees C. (page 2, 
lines 11-16). 

Claims 50 and 51 include the steps of crushing the coal 
and heating it in the presence of inert gas to a temperature 
above the boiling point of water but not above the tempera¬ 
ture when decomposition of the coal begins. The step of 
comminuting the coal is a conventional step and is clearly 
shown by Rigby. Hence no patentable novelty can be 
ascribed to this step. Likewise the final step of crushing 
the coal after heating, included in claim 51, is regarded of 
no patentable importance, since obviously this is merely a 
conventional mode of treating fuel if it be desired to burn 
it in fine form. In all of the fine fuel burning operations 
where the fuel is burned in suspension the coal is powdered. 
If there is any patentable novelty defined in these claims 
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it must apparently reside in the heating jstep. In all 

138 three of the patents a temperature ijs employed 
which is above the boiling point of water. Even 

Rigby gives his upper limit as being 150 degrees although 
he states that the final product contains 12% of water. If 
the upper limit of temperature be employed for any length 
of time all the free water would evidently be removed. 

The claims then must apparently depend for their patent- 
able novelty upon the limitation that the fuel ip not heated 
above the point at which thermal decomposition of the coal 
begins. As noted above, this point has been sd vaguely set 
forth in the original description that it is substantially im¬ 
possible to determine what temperature is to be taken. 
Applicant now contends it is 250 degrees C.j for certain 
coals. Applicant by his heating step desired to remove 
water and occluded inflam-able gases and gi^e his coal a 
higher calorific value by heating it through p, portion of 
the endothermic phase but not through thej exothermic 
phase. In the Katz publication it is stated th|at if coal be 
heated up to the temperature of 750 degrees Cj. it will con¬ 
tinue to absorb heat but at temperatures above 750 degrees 
C. it evolves heat. Hence the endothermic phase extends 
up to 750 degrees C. It appears to us from the above that 
these claims do not define over the above references because 
they attempt to distinguish from the references by limita¬ 
tions which were not clearly set forth inj the original 

139 specification. Given their broadest interpretation 
the claims do not distinguish over either one of the 

patents since they cannot be construed to be dr^rwn to cover 
heating of the fuel to a point below 250 degree$ as set forth 
in the amendment inserted. 

However, even if this limitation as to the upper limit of 
temperature be considered proper we do not believe that 
the claims define in patentable respects over t|ie Bone pat¬ 
ent. The process carried out in this patent is strikingly 
similar. An inert gas is used for heating the coal and 
the coal is heated to such a high temperature that all the 
free water and the occluded inflammable gases are driven 

value 
inert 

gases. Applicant urges, however, that a part of the vola¬ 
tiles would also have been driven off. That Jmay be true 
but that is what would be expected by using the tempera- 


off. The product obtained would have high calorific 
and would be expanded and porous and charged with 
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ture stated. Anyone working witli coal knows that in ad¬ 
vance. If then it be not desired to remove these volatiles, 
obviously such lower temperatures would be used which 
do not effect the volatiles to be retained. The final product 
obtained in any case would be expected and would differ 
merely in the degree of volatiles retained. It would with¬ 
out doubt be obvious to anyone skilled in working with 
coal if he had the Bone patent before him that a product 
having more volatiles in it could be obtained if the tem¬ 
perature used be lowered below 250 degrees. We fail to 
find, therefore, that these claims define patentably 
140 over the Bone patent. 

Claim 52 fails to specify any lower limit of the 
beating. The temperature employed may range from 0 
degrees up to the point where thermal decomposition 
begins. 

Claim 53 specifies the lower limit by stating that the 
temperature is sufficiently high to make the coal noil-autog¬ 
enous. Both of these claims are regarded unpatentable 
over either one of the patents for reasons assigned in con¬ 
nection with claims 50 and 51. 

Claim 57 covers a new article of manufacture and claim 
61 covers a new product. These claims are regarded un¬ 
patentable over the above patents. Claim 57 will clearly 
read on the product obtained in each one of these patents 
except possibly that Bone and Michie do not specify that 
the product is pulverized, but this is not — any patentable 
importance. 

Claim 61 when given its broadest interpretation in ac¬ 
cordance with the original specification, will also read on the 
product obtained in the above patents, for reasons assigned 
in connection with claims 50 and 51. 

The decision of the examiner is accordingly affirmed. 

M. J. MOORE, 

Assistant Commissioner, 
i W. L. REDROW, 

i Examiner-in-Chief, 

P. EDINBURG, 

Examiner-in-Chief, 

' Board of Appeals. 

March 15, 1932. 
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Bon. Commissioner of Patents, 


Washington, D. C. 


Sirx- 


In the ah ore-identified natter, 
kindly change the address of applicant** attor¬ 
neys to 12 South Twelfth Street, Phila4elphia, 
Pa., offeotlro Horember 18, 1955. 


Reepeotfully. 
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141 #25. 

I 

Department of Commerce, United States Patent Office, 

Washington. 

i 

Address only The Commissioner of Patent^, Washing¬ 
ton, D. C. 

Ex parte Charles M. Buck. Serial No. 265,303. Filed 
March 28, 1928. Treatment of Coal and Other Carbo¬ 
naceous Materials, etc. 

I 

Notice of Suit under Section 4915 R.\S. 

| 

A suit in equity under Section 4915 R. S., entitled Ther- 
molized Coal Corporation and Charles M. Buck, Plaintiffs, 
vs. Thomas E. Robertson, Commissioner of patents, De¬ 
fendant, Equity No. 54,766, involving this application, was 
hied on August 30, 1932, in the Supreme Court of the 
District of Columbia. 

T. A. HOSTELLER, 

Solicitor. 

(Here follows photolithograplied page |142.) 


143 Stevens Institute of Technology, j 


Hoboken, New Jersey. 


Mr. F. W. Martin, 

Thermolized Coal Corporation, 
17 East 42nd Street, 

New York City. 


December 20, 1929. 


Dear Mr. Martin : 


I am submitting herewith a complete reportj on the boiler 
test which I made at your request for the i Thermolized 
Coal Corporation on December 7th, 1929. 

You will find that on the first page of the Report I have 
compiled a brief table summarizing what appeared to me 
to be the most important results of the tests. 
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I trust that you will find the report satisfactory. 

With best wishes. 

Yours sincerely, 

J. H. KEENAN. 

Enel. 

JHK:H. 

144 Report of Test on Locomotive Boiler Burning Pul¬ 

verized Coal for the Tliermolized Coal Corpora¬ 
tion. 

Object — 

The object of the test was to determine the rate of coal 
combustion, and incidentally the heat balance and efficiency 
of the boiler. 

Description of Boiler — 

Important data relating to the boiler tested are given 
in the tabulation at the end of this report. It is a small 
locomotive boiler having 368 sq. ft. of heating surface and 
originally fitted with a grate having an area of 8.7 ft.“ 
When this test was made the grate had been removed, a 
pulverized coal burner installed, the lower walls lined with 
refractories, and two refractory arches installed. The re¬ 
fractories reduced the furnace combustion space to con¬ 
siderably less than the original volume. When combustion 
space is mentioned in the tabulation it means the net volume 
of the furnace at the time the test was made. 

Su mmary of R esults — 

Test No. 

Duration—hrs. 

Average Furnace Temperature under arch— °F 

Coal fired —lbs./hr. 

Coal burned —lbs./hr. 

coai lost up stack|^ s */ f h j oal - g recl ;;;;;;;;;;;; 

Water evaporated—lbs./hr. 

Water evaporated per lb. of coal fired—lbs./lb. 

Boiler horsepower developed. 

Coal fired—lbs./cu. ft. of combustion space.. . 

Coal burned— “ “ “ * “ ... 

Excess air—per cent. 

Boiler and furnace efficiency—per cent. 

145 Description of Tests — 

The rate of firing was adjusted on the initial test to give 
a furnace temperature between 2600 and 2700° F. and the 


1 

2 

3 

1 

3 

1 

2630 ° 

2630 ° 

2800 

195 

195 

367 

171 

169 

297 

24 

26 

70 

12.5 

13.1 

19.0 

1413 

1382 

2272 

7.24 

7.09 

6.19 

48.8 

47.9 

78.8 

6.80 

6.80 

12.79 

5.95 

5.90 

10.36 

46 

49 

48 

64.3 

63.1 

55.1 
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boiler was operated at this rate under steady conditions 
for four hours. The first hour of steady conditions has 
been treated as a separate test because at the end of that 
period serious leakage developed at the feed pump glands 
which made it necessary to resort to the injectoy to feed the 
boiler. Test No. 2 consists of the last three hours opera¬ 
tion at this rate of firing. Because of the longer duration 
and the lesser uncertainty concerning corrections on the 
water measurements it is considered to be of higher ac¬ 
curacy than Test No. 1. 

In Test No. 3 the rate of firing was increased so as to 
raise the furnace temperature to about 2800° ]t\ This test 
was limited to one hour because it was felt that the furnace 
temperature was too high to be safely maintained for a 
prolonged period. It is consequently of a lo\yer order of 
accuracy than Test No. 2. 

I 

Observations — 

| 

After shutting down, an inspection of the [fire box re¬ 
vealed a collection of fine ash several inches! deep at the 
bottom. Some ash had also collected on top of the forward 
arch. The arch refractories presented a glazed appearance 
with only slight evidence of a flow of molten islag. There 
was no slag on either the tube sheet or water legs. 

Instruments and Apparatus — 

The coal fed to the furnace was weighed d>n calibrated 
scales. 

The water supplied to the pump or injector \yas measured 
volumetrically in calibrated tanks. The ratej of evapora¬ 
tion was determined by correcting this measurement for 
gland leakage from the feed pumps, injector overflow, and 
in one case for a slight change in boileif* water level. 
146 The pressure of the steam was measured by a cali¬ 
brated Bourdon type gauge. 

The quality of the steam was measured by means of a 
throttling calorimeter through which was passed all the 
steam generated except that used in the smoke box jet, feed 
pump, or injector. The calorimeter consisted! of a galvan¬ 
ized metal barrel, about 20" diameter, set op£n end down, 
over the end of the steam discharge line. The barrel was 
baffled inside to hasten the dissipation of kinetic energy 
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and lagged outside to reduce heat losses. The outflowing 
steam passed upward around the outside of the lagged 
walls, thus jacketing them with hot steam and reducing 
heat loss. 

Temperature in the calorimeter was determined by a 
copper-constantan thermocouple and a mercury-in-glass 
thermometer. Both these instruments were subsequently 
calibrated against a Leeds & Northrup standard thermo¬ 
couple. 

The temperature of the furnace was measured with a 
Pyro-Optical Pyrometer made by the Pyrometer Instru¬ 
ment Company of 74 Reade Street, New York City. This 
instrument was not calibrated especially for this test. The 
temperature was measured just under the forward arch. 
The measurement is probably in error on the low side be¬ 
cause of the unconsumed coal in the gases which were in 
the line of sight. 

The temperature of the flue gas was measured by a cali¬ 
brated Bristol pyrometer of the thermocouple-millivolt- 
meter type. The thermocouple was placed approximately 
in the middle of the flue gas stream between the forward 
tube sheet and the petticoat pipe. 

Air and water temperatures were measured with high 
grade mercury-in-glass thermometers. 

Flue gas analyses were made throughout the test with an 
Orsat apparatus and a continuous C0 2 record was obtained 
from a Haves recording CCh indicator. 

147 Method Used in Determining Coal Loss up Stack — 

In the complete tabulation of “Test Bata and Re¬ 
sults’ ’ is shown a “Heat Balance Based on Coal Burned.” 
The method used here consists of determining the smoke 
box losses per lb. of coal burned from the flue gas analysis, 
estimating the radiation loss, and ascribing the remaining 
heat value per lb. of coal burned to steam generation. Then 
from the evaporation data is obtained the total quantity of 
heat transferred for steam generation per hour. The lbs. 
of coal burned per hour follow directly. This quantity is 
compared with the coal fired per hour and the difference is 
the loss of coal up the stack. 

The accuracy of this method depends, of course, on the 
precision with which the radiation loss can be estimated. 
But since this loss is a small quantity it can readily be es- 
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timated with sufficient precision to give a satisfactory ac¬ 
curacy in the result. It is here estimated to W 400 B. t. u. 

^ i 

per lb. of coal burned or about 2.6% of the hjeat value of 
the coal fired. 

(This method was also used by Lawford H|. Fry in the 
analysis of a number of locomotive boiler tdsts. In “A 
Study of the Locomotive Boiler’’ published l|y Simmons- 
Boardman (1924), Mr. Fry describes this metliod of analy¬ 
sis and compares his results with those obtained by the 
direct method of catching cinders and weighing them.) 


Following the ‘‘Heat Balance Based on Coal Burned” is 
a “Heat Balance Based on Coal Fired”. Thi$ latter tabu¬ 
lation is merely a restatement of the test results in more 
conventional form and expresses the losses in percentage 
of the heat value available in the coal as fired. 

i 

Probable Error — 


The probable error in the determination o|f the overall 
efficiency in test No. 2 is of the order of magnitbde of ± 2%. 
A large portion of this uncertainty is due to! the difficulty 
involved in accurately measuring the injector overflow. 


148 General Information — 

Date of Test: December 7, 1929. ! 

Location: Oxford PI., Plainfield, N. J. j 
Owner: Thermolized Coal Corporation. 

Boiler: Baldwin Locomotive Works. | 

Fuel Burning Equipment: Pulverized Fubl Burner of 
the Thermolized Coal Corporation. 

Test Conducted by J. H. Keenan. 

Object of Test: Determination of rate of combustion and 
boiler efficiency. 


Description, Dimensions, Etc .— 

Boiler heating surface— 

Firebox . 

Tubes . 


40 sq. ft. 
328 “ “ 


Total 


368 “ “ 
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Grate surface of boiler when fitted for grate operation 
8.7 sq. ft. 

Draft: Induced by steam jet in smoke box. 

Fuel: Pittsburg 4 ‘ Thermolized . 9 9 
Volume of Combustion Space: 28.7 cu. ft. 

Fuel Analyses — 

(Pittsburg 4 4 Thermolized . 9 9 ) 

(Taken from appended photostat copies of analyses by 
0. W. Palmenberg.) 

Proximate Analysis—As Fired— 

Moisture . 0.82% 

Volatile Matter . 21.32% 

Fixed Carbon . 64.61% 

Ash . 13.25% 


100 . 00 % 

Sulphur . 1.77% 

Heating Value. 13,040 B. t. u./lb. 

Fusion Temperature of Ash. 2300°/F. 

Size of Coal as Fired— 

Through 100 mesh . 88% 

Through 200 mesh . 62% 

149 Ultimate Analysis—As Fired — 

Carbon . 74.56% 

Hydrogen . 3.90% 

Oxygen . 4.25% 

Nitrogen . 1.45% 

Sulphur . 1.77% 

Moisture . 0.82% 

Ash . 13.25% 


100 . 00 % 
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Test Data and Result* 

Test No. 


! Duration—hrs. 
fC0 2 

Smoke Box , Os 

Gas Analysis'! CO 

N-> 

* .. 


% “ 
% “ 
% “ 


Pressures and Drafts 


Draft in smoke box— “ 
Temperatures 

Steam temperature in Calorimeter- 


Temperature of air supply (outdoors). °F. 51° 

“ of air near boiler.°F. 73° 

“ of furnace.°F. 2630° 

“ of smoke-box gases.°F. 650° 

“ of feed water. F. 54° 

“ of fuel (assumed).°F. 51° 

150 Test No. 1 

Hourly Quantities 

Fuel as fired—lbs./hr. 195 

Fuel as fired per sq. ft. of original grate sur¬ 
face—lbs./sq. ft. hr. 22.4 

Fuel as fired per cu. ft. of combustion space— 

lbs./cu. ft. nr. 6.SO 

Water evaporated—lbs./hr. 1413 

Water evaporated per lb. of fuel fired lbs./lb. 7.24 

Factor of evaporation. 1.192 

Equivalent evaporation—lbs./hr. 1684 

Heat transferred to water—B.t.u./hr. 1,635,000 

Heat transferred per sq. ft. of heating sur¬ 
face—B.t.u./sq. ft. hr. 4444 

Boiler horsepower developed—b.h.p. 48.8 

Heat Balance Based on Coal Burned 
Heat loss due to dry smoke box gases B.t.u./lb. 


1 

o 

3 

. 1 p. m. 

2 p. m. 

5 p. m. 

. 2 p. m. 

5 p. m. 

6 p. m. 

1 

I 3 

1 

. 11.2 

10.7 

10.0 

. 7.3 

7.7 

8.3 

. 0.2 

0.2 

0.2 

. 81.3 

8|l .4 

81.5 

. 16.39 

17.11 

18.24 

. 16.01 

1|6.76 

17.91 

. 9.80 

9.80 

9.SO 

. 78. 

79. 

79. 

. 92.7 

93.7 

93.7 

. 15. 

15. 

15. 

. 3/16 

13/16 

0. 

. 3/8 

3/8 

j 

1.0 

. 269° F. 

275° F. 

282° 1 

. 275.5° 

279.5° 

279.5 

T<\ 51° 

49° 

46° 

*F. 73° 

75° 

82° 

»F. 2630° 

2630° 

2800° 

*F. 650° 

647° 

731° 

F. 54° 

I 53.5° 

53.5‘ 

’F. 51° 

49° 

46° 


22.4 

| 

6. SO 
1382 
7.09 
1.195 
1652 
lj,602,500 

j 

4354 

47.9 


42.2 

12.79 

2272 

6.19 

1.197 

2720 

2,639,000 

7170 

78.8 


Heat loss due to moisture from coal and com¬ 
bustion B.t.u./lb. coal burned . 

Heat loss due to incomplete combustion (CO 
loss) B.t.u./lb. coal burned . 


Total heat losses. 
Heat generated. . 

Heat to steam... 


Steam generated lbs./lb. of coal burned 


Coal burned lbs./hr. 
Coal f ired lbs./hr... 


2454. 

| 255S. 

3123. 

480. 

480. 

495. 

132. 

| 13S. 

148. 

i. 400. 

| 400. 

400. 

3466. 

3576. 

4166. 

13040. 

13040. 

13040. 

9574. 

9464. 

8874. 

1156.4 

1159.5 

1160.9 

8.28 

8.16 

7.64 

1413. 

1382. 

2272. 

170.6 

169.4 

297.3 

195. 

195. 

367. 

24.4 ! 

25.6 

69.7 

12.5 ! 

13.1 

19.0 


5—6261a 
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Heat Balance Based on Coal Fired 



B.t.u. % of 

B.t.u. 

% of 

B.t.u. 

% o 


per lb. Heat 

per lb. 

Heat 

per lb. 

Heat 


Coal 

Value 

Coal 

Value 

Coal 

Value 

Heat to water and steam in boiler 
Heat loss due to dry smoke box 

8378. 64.3 

8225. 

63.1 

7187. 

55.1 

gases.i. 

Heat loss due to moisture from 

2147. 

16.4 

2222. 

17.0 

2530. 

19.4 

coal and combustion. 

Heat loss due to incomplete com¬ 
bustion of carbon (CO loss). . 

420. 

3.2 

417. 

3.2 

401. 

3.1 

115. 

0.9 

120. 

0.9 

120. 

0.9 

Heat value of unbumed coal.... 

1630. 

12.5 

1708. 

13.1 

2478. 

19.0 

Radiation loss (estimated). 

350. 

2.7 

34S. 

2.7 

324. 

2.5 


Totals. 13040 100.0 13040 100.0 13040 100.0 


151 Test No. 1 2 3 

Heat value of coal fired per sq. ft. of original grate 
surface B.t.u./sq. ft. nr. 292,000 292,000 550,000 

Heat value of coal burned per sq. ft. of original 
grate surface B.t.u./sq. ft. hr. 255,700 253,800 445,500 


Heat value of coal fired per cu. ft. of combustion 
space B.t.u./cu. ft. hr. S8,600 S8,600 166,600 

Heat value of coal burned per cu. ft. of combustion 
space B.t.u./cu. ft. hr. 77,500 77,000 135,000 

Air supplied per lb. of coal fired. 14.34 14.57 14.51 

Theoretical air per lb. of coal as fired. 9.80 9.80 9.80 

Excess Coefficient. 1.46 1.49 1.48 

Efficiency of boiler and furnace—per cent. 64.3 63.1 55.1 


Respectfully submitted, 

December 20, 1929. 

J. H. KEENAN. 

(Here follow photolithographed pages 152 to 162 inc.) 
163 (Copy.) 

The Standard Stoker Company, Inc. 

350 Madison Avenue, New York City. 

December 5, 1930. 

Mr. F. W. Martin, Secretary, 

The Thermolized Coal Corporation, 

17 East 42nd Street, 

New York, New York. 

Dear Mr. Martin : 

You no doubt remember that I had the opportunity to ob¬ 
serve combustion tests of pulverized coal as treated by your 
thermolizing process and I will give you a brief summary of 
these tests. 
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NEW YORK 


t. of Bituminous Coal 

June 12, 1930 

19663-Yukon Mine-Raw 
19664- " w -Them. 

19666- n " -Them 


As given below 
nttn 

Exp.6-10-50-A & B 

Exp.6-10-30-AH443.3 deg.P. 

Exp.6-10-30-B-j545.8 deg.P. 


P HOA i ANALYSES 


Moisture 
Volatile 
Fixed Carbon 
Ash 

Sulphur 

B.T.U./lb. 


19663 

1.08 

38.85-39.28 

48.46-48.98 
11.61-11.74 
3.29- 3.32 
13091-13234 


19664 . 

1 . 01 - 0.00 
37.73-38.11 
49.83-50.34 
11.43-11.55 

3.46- 3.50 
13208-13343 


ULTIMATE ANALYSES 
19663 19664 


Moisture 

Carbon 

Hydrogen 

Oxygen 

Nitrogen 

Sulphur 

Ash 


1.08 

72.33-73.12 
5.44- 5.50 
5.25- 5.31 
1 . 00 - 1.01 
3.29- 3.32 
11.61-11.74 


l.oi- eoe 

72.81-73.55 
5.32- 5.57 
5.02- 5.07 
.95- .96 

5.46- 3.50 
11.43-11.55 


19665 

1.07- 0.00 
36.94-37.34 
50.59-51.13 
11.40-11.53 

3.81- 3.55 
13187-13330 


19665 

1.07- 0.0C 
72.57-73.36 
5.22- 5.2 1 ? 
4.93- 4.96 
1 . 00 - 1.01 

3.81- 3.85 
11.40-11.53 


represents 


Notes 

The first column in each analysis represents 
the coal in the air dry condition. 

The second column in 19663 represent^ the coal after 
driving off the moisture at 105 deg.Cent. 

The second column in 19664 and 19665| 
the coal as received. 

The Themolized Coal Corp. 

Hew York <5ity. 

I 

Respectfully subroi tied. j 

fHE COUPLAND LABORATORY 
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NEW YORK 


s of Bituminous Coal 
June 6, 1930 

19653-Pittsburgh Champion-Raw 
19654- n n -Therm. 

19655-Consolidated Mine 86-haw 


July 3, 1930 
As given below 


HUH 


19656- 


M -Therm. 


Exp.6-5-30-A 

Sep.6—5—30—A—440 deg.P. 

Exp.6-5-30-3 

Exp.6-5-30-B-410 deg.P. 


ANALYSES 



19653 

19654 

19655 

19656 

Moisture 

1.71 

1.02- 0.00 

1.29 

2.20- 0.00 

Volatile 

37.08-37.73 

36.31-36.68 

35.65.36.12 

33.77-34.54 

Fixed Carton 

52.83-53.75 

54.72-55.29 

54.51-55.21 

55.43-56.69 

Ash 

8.38- 8.52 

7.95- 8.03 

8.55- 8.67 

8.60- 8.77 

Sulphur 

2.17- 2.21 

1.97- 1.99 

1.13- 1.14 

1.17- 1.21 

B.T.C./lb. 

13283-13513 

13672-13813 

13273-13446 

13428-13727 


Note:- 

The first column in each analysis represents 
the coal in the air dry condition. 

The second column in 19653 and 19655 represents 
the coal after driving off the moisture at 105 deg.Cent. 

The second column in 19654 and 19655 represents 
the coal as received. 


The Thermolized Coal Corp. 

New York City. 

Respectfully submit ted. 

THE COUPLAND LABORATORY 
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Appellant3,j 
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Conway P. Coe, Comr. 
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The Coupland Laboratory 

COMMERCIAL ANALYTICAL CHEMISTS 

124 FRONT STREET 


Certificate ot gfaalp&S 

i 

N&W YORK 


I 


of Bituminous Coal 

Juno 17, 1930 

372-Yukon Vine-Raw 
3 9073- rt " -Therm 

3 So74- n w -Therm 


aAvek below 

i 

tlMIt 

I 

Sxp.6-12-30-A & B 

Exo.L-12-30-A-356 . J? deg.P 

Exp.6-12-30-B-39p.8 deg.P 


PROXIl'iATB A NALYSES 


Moisture 
Volatile 
Fixed Carbon 
Ash 

Sulphur 

B.T.U./lb 


19672 

1.04 

39.15-39.57 
48.62-49.12 
ll.19-rll.31 
3.43- 3.52 
13003-13139 


19673 

.93- 0.00 
58.21-38.55 
49.23-49.70 
11.63-11.75 
3.52- 3.55 
12982-13104 


1967 4 

1.13- 0.00 
38.03-38.47 
j 49.57-50.13 
11.27-11.40 
3.12- 3.17 
13078-13227 
I 


ULTIMATE ANALYSES 


19672 19675 19674 


Moisture 

1.04- 

0.00 

.93- 0.00 

1 1.13- 

0.00 

Carbon 

73.06- 

73.83 

73.13-73.81 

73.15- 

74.00 

Hydrogen 

5.37- 

5.42 

5.22- 5.27 

5.04- 

5.09 

Oxygen 

4.92- 

4.97 

4.69- 4.73 

5.35- 

5.41 

Nitrogen 

.94- 

.95 

.88- .89 

.92- 

.93 

Sulphur 

3.48- 

3.52 

3.52- 3.55 

3.14- 

3.17 

Ash 

11.19- 

11.31 

11.63-11.75 

! 11.27- 

11.40 


Notes:- 

The first column in each analysis represents the 
coal in the air dry condition. 

lhe second column in 19672 represents the coal 
after driving off the moisture at 105 deg.Cent. 

Hie second column in 19673 and 19674 represents 
the coal as received. 

Hie Thermolized Coal Corp. 

New York City. 


Respectfully submitted. 

the coupland iJaboratory 
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a of Bituminous Coal 

June 20, 1930 

19690-Yukon Mine-Raw 
19691- n n -Therm. 


NEW YORK 

July IS, 1930 
s. as given below 

» « it 

Exp.S-16-30-A as B ..o'E 
Exp.6-16-30-A -r 


PROXIMATE ANALYSIS 


19690 19691 


Moisture 

1.02- 

1.59- 0.00 

Volatile 

39.20-39.60 

37.39-58.00 

Fixed Carbon 

47.95-48.45 

50.12-50.92 

Ash 

11.83-11.95 

10.90-11.08 

Sulphur 

3.62- 3.66 

3.54- 3.60 

te.T. T ^/lb. 

12979-13113 

13129-13345 


ultimate analysis 



19690 

19691 

Moisture 

1.02- 

1.59- 0.00 

Carbon 

72.43-73.18 

72.33-73.49 

Hydrogen 

5.32- 5.37 

5.19- 5.27 

Oxygen 

4.80- 4.85 

5.50- 5.59 

Nitrogen 

.98- .99 

.95- .97 

Sulphur 

3.62- 3.66 

3i54- 3.60 

Ash 

11.83-11.95 

10.90-11.08 


Notes:- 

Bie first column in eaoh analysis represents 
the coal in the air-dry condition. 

The second column in 19690 represents the 
coal after driving off the moisture at 105 deg.Cent. 

Ihe second column in 19691 represents the 
coal as received. 


The Thermolized Coal Corp. 
New York City. 


Respectfully submitted. 
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THERMOLIZED fcoAL CORPORATION 

ROOM XXX 

SEVENTEEN CAST FORTY-SECOND STREET 
NEW YORK. N. Y. 


The not results of the attached analyses are as followe- 


ML PZL 


Proximate 



. 558.2° 

599.8° 

445.5° 

- 4#5*4? 

.545.6° 

7. 

-.94 

-1.12 

-1.12 

i 

.1.81 ' 

-1.91% 

P.C. 

4.61 

4 .95 

41.57 

42.17 | 

42.15 % 

ASH 

4.44 

4 .08 

- .18 

- .95 | 

- .21% 

SUL. 

4.04 

- .36 

4 .17 

- .08 

4 .62* 

B.T.TJ. 

-.21 

4 ,75 

411 «?7 

4150 

i 

5 .96 

Ultimate 




i 

j 


C. 

4.07 

4 .09 

4 .48 

- .10 j 

4 .24* 

H. 

-.15 

» .55 

- .12 

- .15 i 

- .22* 

0. 

-.25 

4 .45 

- .25 

* .70 

I 

- .52* 

There was a loss in weight in the above coal between 445.5° 


and 495.40 of 3*. 


else active. 


The above coal at 445.5° was not oily, plastic, coking or other- 

- - 


I 


The above coal at 495.4° was oily, saai-pl&stic, coking and other¬ 
wise active and had to be cooled to prevent lte burning. 

This indicates that the point of Initial decomposition of this 
particular coal lies between 445.5° and 495.4° 7. 

X- 

The loan in volatile of 1.12* at 599.8° and of 1.12* at 445.5°, , 
indicates no decomposition of hydro-carbons below 445.5° and that l.i2* 
is the amount of occluded gases eliminated below 599.8° 7. 
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The Initial Decomposition of Coal by 

By M. J. BURGESS and R. V. WHEELER. 



A SUMMARY of the more important observa¬ 
tions regarding the initial effects of heat on 
different fuels has l>cen given in the series 
of articles on the constitution of coal by Stopes 
and Wheeler (Fuel in Science and Practice , 1924, 
3, 97). Information us to the initial temperature 
of decomposition of different coals, and as to the 
character of the products of this initial decom¬ 
position has recently acquired an additional value 
in relation to certain industrial processes (for the 
cleaning of coal and for its carbonisation) which 
involve a preliminary heating of the coal at a 
comparatively low temperature. The information 
is of value also in connexion with recent researches 
on the extraction of coal with boiling solvents 
under high pressures—researches concerned 
mainly with the isolation of the so-called “ coking 
principle ’* of coal—where the suspicion has arisen 
that the extracts obtained may have been the 
result not only of solvent action, but of thermal 
decomposition. 

In research on coal, more perhaps than in any 
other branch of study, it is dange rou s to ar gue 
f rfim the particular to the g eneral. ITis therefore 
regrettable that more detailed information is not 
available regarding the initial stages of thermal 
decomposition of a variety of coals. As regards 
Britis h bituminous coa ls, the observations most 
frequently quoted are'mJF own, relating to the 
dis tillation of Silkstonc coal in a vacuum, thus :— 
On raising the temperature of tluTcoul during 
exhaustion, the succession of events is as 
.follows:— 

Occluded or “ condensed " gases (unoxtract- 
able at atmospheric temperature) continue to be 
removed in small quantity up to 150 deg. or 
200 deg. Cent. These gases are mainly the 
paraffin hydrocarl ions, the higher meml>crs pre¬ 
dominating. 

At alxnjfc 200 deg. Cent, there is a copious 
evolution of water (small quantities of gas Wang 
also evolved), and water continues to make 
its appearance at successive stages in the 
distillation up to 450 dejr.—the highest tem¬ 
perature employed in tins series-of experiments. 
This water, as has l>een »x>intcd out in a previous 
paper, must be water of constitution. The 
gases evolved during the period of most rapid 
formation of water contain a high percentage, of 
the oxides of carbon. 

Between 200 deg. rraR 3W0 deg. Cent , dccoib"* 
position occurs of some sulphur-containing 
organic cotnpouud, for the gases evolved during 


Or 

•*1 


thut period contain a considerable proportion 
of hydrogen sulphide and tarnish mercury. This 
decomposition, which begins at about 270 deg., 
is practically completed at 300 deg. Cent. 
Simultaneously with the hydrogen sulphide, the 
gases contain a considerable proportion of the 
higher olefines, the evolution of which does not, 
however, cease or fall off until a temperature 
of 350 deg. Cent, is reached. 

Liquids other than water begin to distil at 
about 310 deg . Cent ., at which temperature a 
thin fSldlBll-btown oil appears. There is no 
marked evolution of gas at this temperature, 
and it seems probable that the oil is not nec es¬ 
sarily a product of decomposition, but may lie 
liquated out of the -coal conglomerate. , 

A decomposition point occurs at abo ut 350 ^C. 
deg. Cent., there being then a rapid evo lution 
of gas and much viscid oil formed . PecomjK>si- 
tion then continues with increasing rapidity as 
the temperature is raised. ( Trans . Chem. Soc. 
1914, RI5, 132.) 

We are able to record similar observations with 
respect to a Lancashire coking coal as the result 
of experiments carried out in the same apparatus 
and in the same manner as with the Silkstonc 
coal. A description of the apparatus is given in 
the experimental portion of this paper. 

The Lancashire coal was essentially a clarain. 

The sample used in the experiments was prepared 
from washed nut coal by grinding so that it passed 
through a 10-mcsh and remained on a 30-mcsh 
yWvo (I.M.M. standard). Its analysis was: — 


Proximate, per cent.— 

Moisture. 1*80 

Volatile matter (other than 

moisture) . 30*85 

“ Fixed carbon ”. 62*45 

Ash . 41W 

Ultimate, per cent, on ash-free dry coal.— 

Carbon. 87*08 

Hydrogen . 5*67 

Oxy&en . 4*40 

Nitrogen. 1*04 

Sulphur . 0*82 


Undried coal was used in the experiments. In 
this connexion it is necessary to point out that 
cons iderable .differences may exist b etween coals 
( and between samples of tlnT sange co alTas regards 
t he gases that canHbe removed from them on 
exhaustion at room temperature, dependent on 
their degree of exposure to air since they \tore 
won from the mine. A coal that has been finely 
ground and dried in air at 105 deg. Cent, (as is 
usual in tlie determination of moisture) yields 
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“ occluded ** gases in small quantity on exhaustion 
at room temperature. Those gases, unlike the 
occluded paraffins that can he obtained, some¬ 
times in large volume, from newly-von undried 
coni, consist largely of carbon dioxide, and cnrl>on 
monoxide.* 

The fact that undried coal was used rendered 
It necessary to subject the sample to prolonged 
exhaustion at room temperature to remove 
occluded gases. For the indications pointing to 
decomposition of the coal suhstanee, to lie looked 
for during a gradual increase in the temperature 
of the sample,, were (1) the rapid evolution of 
gases, other than occluded gas, and (2) the forma¬ 
tion of liquids other than water. The validity of 
conclusions, based, on these indications, as to the 
occurrence of decomposition of the coal substance 
will he discussed later. 

It thus results that we have a number of 
observations regarding the character of the gases 
occluded in this coal which, though only incidental 
to the main inquiry, nre of sufficient interest to. 
record here: 

Occluded Gases. 

Gases removed on exhaustion at room tempera¬ 
ture .—The charge of coal used, which was con¬ 
tained in a globular retort with its neck inverted*- 
weighed 190 grm. The air in the apparatus was 
rapidly removed by exhaustion with an oil pump, 
during which operation no doubt some of the 
occluded gases were also removed. Exhaustion' 
was then continued with a Sprengel mercury 
pump, the gases removed lieing collected. 

The plan was adopted of collecting separately 
successive quantities of the gases, such of alxmt. 
25 c.c., with a view to examine whether any 
change in their composition occurred as exhaustion 
proceeded. The first 25 c.c., which contained a 
certain amount of air that had not been removed 
by the rapid exhaustion with the oil pump, were 
collected in eight hours. Thereafter an increasing 
length o? time was required for the collection of 
each successive 25 c.c., the last fractions requiring 
several days. 

The analyses of the gases are recorded in Table I. 
The temperature varied throughout the experi¬ 
ment between 15*5 and 18 deg. Cent., and the 
pressure within the apparatus averaged 2 5 mm. 
of mercury. Tests were made on each sample 
for the presence of aeotylene, ethylene and 
hvdrogcti, in addition to the constituents recorded. 
Acetylene and hydrogen were absent, lmt there 
were indications of the presence of ethylene (or 
some other gas absorbable by bromine) in the later 
samples collected. 

* There is reason to believe that the oxide* of carbon 
exolvrd from a - weathered’* coal are not necessarily 
m-rhuled •'uses, hut may arise from the d'-cnuqx>sition of 
a coal-oxvgen complex formed at atmospheric temperature. 
In this Vonnexkm »ee “The Oxidation and Ignition of 
Coal.” by R. V. Wheeler, Tnm*. Chem. Six*., ISIS. 11». 

915 . 


Table I.—OccLi'Dtii Garbs Kewovei* erox Coal in 
Succbrkivk Fkaitiokr at Atmospheric Temperature 


(13*5 to 18 nE«;. Cent.). 

Times 


Fraction required 

— 

—Analysis, per cent., air free - 

-> 

number. 

for col¬ 
lection. 

CO a . 

CO. 

CH.. 

C,H«.* 

N-. 

1 ... 

8 hour*... 

6*4 

... 0*7 

.. 88*4 

... 38 ... 

0*7 

•> 

17 . 

2 i 

... a*7 

... 70*2 

.. 3*1 ... 

14*8 

3 ... 

17 ... 

1*0 

.. 1*8 

... 70-3 

... 8*6 ... 

18*3 

4 ... 

24 . 

2*4 

... 22 

... 78*0 

... 8*0 ... 

{**4 

5 

47 *, 

1*4 

2*1 

... 831 

... 6*5 ... 

6*0 

6 ... 

64 . 

2*1 

... 1*9 

... 8V2 

... *7 .... 

8*1 

7 ... 

5 daya ... 

1*5 

... 1*8 

... 84*3 

... 8*1 ... 

4*3 

8 ... 

3 .. . 

1*2 

... 2*5 

.. 82*0 

... 8*2 ... 

61 


• Including higher member* of the series. 


Altogether al>out 250 c.c. of gases other than air 
were removed from the 190 grm. of coal by 
exhaustion at atmospheric temperature. Liquid 
removed at the same time, and collected in a 
cooled receiver, was colourless and appeared to be 
pure water. 

Oases removed on exhaustion at 100 detj. Cent. 

The temperature of the retort was now gradually 
raised to 100 (leg. Cent., exhaustion being con¬ 
tinued. The evolution of gases, which appeared 
to have ceased at room temperature, began again. 
Heating and exhaustion were continued for four 
days, (luring which time 289 c.c. of gases were 
collected, or about 150 c.c. per 100 grm. of coal. 
These gases had the following average analysis, 
per cent, r 

C a"»W Evolvbi> at 100 dsu. Cent. 


Carbon dioxide. 4 *o 

Ethylene. nil 

Carbon monoxide. 2*5 

Hydroxcn . nil 

Methane . 78*n 

Ethane and higher hmuologuea 15*0 
Nitrogen . 0*5 


About. 0*5 c.c. of a colourless liquid, slightly 
turbid and having a faint odour of petroleum, was 
collected during exhaustion at this temperature. 
The turbidity of the liquid may have been due to 
a minute trace of one of the higher paraffins, 
pentane, for example, the presence of which was 
indicated also in the gases during their analysis. 

The corresponding results obtained with the 
Silkstone coal, recorded in the paper to which 
reference has already been made, were: (las 
collected, 34 c.c. per 100 grin, of coal. Analysis, 
per cent.: Carbon dioxide, 0*70; oxygen, 1*65; 
ethylene, 0*85; higher olefines, 1*30; cnrlion mon- 
oxido, 1*40; hydrogen, I*00; paraffins, 84*55. The 
presence of homologues higher than propane was 
disclosed. 

It will be evident that a judgment as to whether 
the decomjiosition of the coal substance lias 
begun, bast»d on the evolution of gases and liquids, 
must l»e uncertain. 

Decomposition*. 

The temperature of the coal, which was allowed 
to remain undisturbed in the retort, was now 
gradually raised to 200 deg. Cent., a high vaomun / 
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being maintained. No marked evolution of gases 
occurred, but 00 c.c. were collected during 24 
hours beating. During the same lime, 0*1 c.c. of 
a colourless and odourless liquid was evolved.*” 
The average analysis of the gases was as follows, 
per cent. :— 

Gases Evolved Over Tbr Range 100-200 deo. Cent. 


Carbon dioxide 1 . 8*4 

Ethylene. 0*5 

Carbon monox.de.i. 3*9 

Hydrogen. 0*6 

Methane . 33*7 

Ethane and higher homolognea 52*8 
Nitrogen . Vi 


, It will he seen that there had as yet been no 
! sure indication of decomposition of the coal. The 
! total amount of gas evolved between 100 deg. and 
; 200 deg. Cent, was small and it. was similar ir 
general character to the “ occluded ” gases, save 
for the presence of a trace of hydrogen. There 
was no addition to the trace of oil (presumed to 
he a liquid paraffin) obtained at 100 deg. Cent., 
and, as already stated, only 0*1 c.c. of water was 
collected. In this latter resj>ect the Lancashire 
coal differed markedly from the Silkstone coal 
which yielded much water at 2( deg. Cent. 

The temperature of the coal was now raised 
slowly to 300 deg. Cent., and maintained at that 
temperature during 36 hours. A smaller volume 
of gases was evolved over the range 200-300 deg. 
Cent, than between 100 and 200 deg. Cent., 
namely, 38 c.c., as compared with 60 c.c., despite 
the longer duration of heating. The mean com¬ 
position of these gases was as follows, per cent. :— 
Gases Evolved Over the Ranok 200-300 deg. Cent. 

Carbon dioxwle .501 

Ethylene. 1*1 

Carbon monoxide. 91 

Hydrogen. .. 1'6 

Methane . 4*0 

Ethane and higher homologues 34*0 

Nitrogen . 0*1 

Most of the gas was evolved between 270 and 
300 deg. and a reddish-brown oil first made its 
appearance at 280 deg., together with much 
water. This temperature, 270^28 0 deg. Cent., 
can, we thin k, be regar ded as the initial tempera- 
^tuff PoT decompositionof this~coaTT ForTapart 
fromthe distillation of oil, the composition of the 
gases, in particular the high content of oxides of 


carlou, differentiates them from the 44 occluded 
gases obtained at lower temperatures. 

1 liapid evolution of gas, and a copious production 
of water and a reddish-brown oil, followed on an 
increase in the temperature of the coal by gradual 
stages to 400 deg. Cent. Altogether, 2,400 c.c. 
of gas were evolved over the range 300-400 deg. 
Cent. From these gases, the portion condensible 
by cooling with solid carbon dioxide dissolved in 
ether was removed. The residue had the following 
mean composition:— 

Umcondenbed Gases Evolved Over the Bano 


300-400 deo. Cent. 

Carbon dioxide . 19*2 

Ethylene . 2*6 

Carbon monoxide. 2*7 

Hydrogen. 16*0 

Methane . 34*7 

Ethane and higher homologoes 22*7 
Nitrogen . 2*1 


i Fractionation of gase « evolved between 300 deg. 
and 400 deg. Cent .—The gases evolved between 
300 deg. and 400 deg. Cent, were fractionated by 
rheans of liquid air,' after the removal of gases 
condonsible by cooling with solid carbon dioxide 
dissolved in ether. Four main fractions were 
obtained, as follows: (1) Uncondensed by liquid 
air (about 400 c.c.); (2) first boiling (about 680 
C.c.); (3) second boiling (about 850 c.c.); and 
(4) residue (al>out 150 c.c.). Each of these main 
fractions, after samples had been taken for 
analysis, was again treated in a receiver cooled 
with liquid air iu the following manner:— 

(No. 1). The gas was passed slowly through 
t he cooled receiver, the uncondensed gases only 
ln*ing retained for analysis. (Nos. 2, 3 and 4.). 
The whole of each fraction reliquefied. Eacht. 
was then subdivided, by evaporation, into tliree 
r>r four fractions, which were separately analysed. 

1 The analyses, calculated as nitrogen-free, were 
as follows, per cent.:— 


Main Fractions Obtained with Liquid Air. 


1 

(1). 

(2). 

(3). 

(4). 

Carbon dioxwle ... . 

1*0 

... 3*6 

. 23*0 . 

. 34*9 

Ethylene . 

nil 

... 0*5 

...' 3*0 . 

1*6 

Carbon monoxide. 

5*9 

... 4*7 

... 3*0 . 

. 2*7 

Hydrogen . 

72*2 

...• 5*0 

... 3*1 . 

. 3*9 

Methane . 

15*6 

... 74*2 

... 64*0 . 

. nil 

Ethane ... 

4*7 

... 12*0 

... 3*9 . 

. 21*9 

Butane.*. 

nil 

nil 

... nil . 

. 34*0 
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Sub-division or Maim Fractions. 



-Ptf— 

Up condensed 
gases. 


(2). 


■ 

(3). 



(4). 


Carbon di^xida . 


(«) 

W 

<*> 

1*7 

6*6 

! (•) 
2*3 

<*) 

5*4 

<*> 

444 

(«) 

30*5 

(6) 

32-6 

('> 

30*4 

17*5 

Ethylene anil higher homologtun... 

Carbon monoxide. 


0-6 

on 

! 3*3 

0*4 

0-8 

8-3 

3-1 

1*2 

0-9 

or 

82 

8*5 

3*9 

2-0 

3-6 

4*8 

1*8 

3 0 

7*9 

3*3 

3*4 

Hydrogen . 

Msthano. 

91*0 

21*2 

2*6 

2*2 

1*6 

1*2 


11*2 

1*1 

0*5 i 

2*4 

0*N 

58*3 

89*1 

55*3 

78*3 

42*9 

|g§2 

— 

13*1 

; Si 


Ethane . 

— ' 

9-2 

2*1 

30*6 

13*8 

44*9 

i 


44*1 


2*6 

Pfropnae ... 


I ~ 


*■ 


L " ,J 

37*1 | 

52*2 

HI 

tax 

74*» 
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The main object of this fractionation of the 
gases was to determine the presence of the higher 
mcmliers of the paraffin series of hydrocarlions, 
which explosion analysis of the bulk sample could 
not disclose. The different l>oiling fractions were 
reliquefied and fractionated several times. In this 
manner it was possible to make a nearly complete 
separation of the paraffin hydrocarbons, and to 
establish the presence of all members up to and 
including pentane. 

Experimental. 

The distillation apparatus used is shown 
diagrammatically in fig. 1. As will be seen from 



nearest the pump were kept cooled throughout the 
distillations by a solution of solid carbon dioxide 
in ether. The wide bore tap on the neck of the 
retort enabled the distillations to be interrupted 
at different temperatures, and the condensing 
tubes changed, without admitting air to the coal. 

Summary. 

i Experiments on the thermal decomposition of 
a Lancashire coking coal are descrilied and it is 
shown that, whereas the gases removed under 
vacuum up to 2<X» deg. Cent, appeared to be 
occluded gases (being mainly the paraffin hydro¬ 
carbons), the character of the gases evolved 
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Fig. I. 

ibis diagram, the neck of the distillation retort, 
(.i round bottom flask of Jena hard glass) pointed 
vertically downwards iuto a receiver attached by 
a ground glass joint. By distilling the coal in this 
manner reflux condensation of liquid products 
was avoided, and their thermal decomposition 
prevented or minimised. A second and, m some 
experiments, a third receiver was interposed 
between the first and an automatically acting 
mercury pump used for withdrawing tlu* gases as 
they were evolved from the coal. The receivers 


es<i£uur7is 


between 270 deg. and ,‘HX> deg% Cent, pointed U> 
their being the products of decomposition of the 
coal substance. Simultaneously with the appear¬ 
ance of these gaseous products of decomposition i 
(mainly the oxides of carlxm), traces of a reddish- 
brown oil were distilled, at about 280 deg. Cent, 
this temperature is regarded as the initial tem¬ 
perature of decomposition of the Lancashire 
coking coal. j 

Department of Fuel Technology, 

Sheffield University. 
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Xole —The present status of the equipment is the result of a rather loos 
period of experimentation and growth. The reliability and accuracy of the 
method ore shown by the fact that during September, 1928, it has been neces¬ 
sary to make only six reactivations is orrf*r to keep the relative humidity 
below 4 per cent at all times. 

Humidity Readings 

A pair of wet and dry bulb thermometers are placed so that 
small amounts of the dry air can be by-passed out and hu¬ 
midity readings taken from time to time. Wet and dry 


bulbs have sometimes been considered as rather inaccurate, 
especially when being used in air which is under 10 per cent 
relative humidity. However, the Weather Bureau of the 
U. S. Department of Agriculture, in & bulletin on “Psychrom- 
etry” by C. F. Marvin, asserts that this method is accurate if 
the velocity of the air passing the wet bulb is 4.57 meters (15 
feet) per second, a condition which has been complied with in 
these determinations. In addition to'this, gravimetric de¬ 
terminations using phosphorus pentoxide have been found, 
to check the wet and dry bulbs to within 1 per cent. 


Low-Temperature Carbonization of Coal 1 


S. W. Parr 

University of Illinois, Ur bana. III. 


A TTEMPTS at the low-temperature carbonization of 
coal, which have been continuous and indeed cumu¬ 
lative as to intensity for the past twenty-five years, 
seem to have attained to a number of proposed processes at 
the present time of about two hundred and fifty. 

The normal procedure for introducing a discussion under 
a heading such as is used as a label for this paper would be to 
propose a definition. Any attempt at a definition for the 
low-temperature carbonization of coal brings with it the feel¬ 
ing that such an effort would have a characteristic closely 
related to charity in that it must of necessity cover a multitude 
of sins. Let me for the moment pass by the matter of a 
definitior. I will revert to it a little later after I have set 
forth a. few topics bearing upon certain fundamental factors 
involved in formulating a definition. 
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Figure 1 

A historical review may also be set aside even though it is 
an exceedingly interesting account—especially interesting to 
me because my own first experiments were carried out in the 
early months of 1902, and it is generally conceded that with 
added years (me grows renpniscent, that is to say, historically 
inclined. A most admirable historical r£sum6 has been set 
forth in the recent book by F. M. Gentry and any elaboration 
of those facts at this time would be superfluous. I would 
like to address myself rather to some of the more salient 
factors that many investigational workers have developed. 

Two Carbonization Zones 

A review of the procedure and the results as they exist today 
shows a very marked cleavage into two fundamental ideas 

1 Presented before the Second International Conference on Bituminous 
Coal, Pittsburgh, Pa., November 19 to 24, 1928. 


relating to the temperature at which, the process is to be, 
carried out. This line of cleavage is a temperature line and is 
drawn very closely along the zone of 450-500° C. (900° F.). 
Carbonizations at temperatures below this line are distinctive 
in behavior and products, and the attending conditions are 
fixed and definite, and indicate in what manner and with 
what material the procedure may be undertaken. Similarly, 
Carbonizations at temperatures above this line are distinctive 
in behavior and products, and the attending conditions yield 
results that are fixed and definite from both physical and 
chemical standpoints. 

These two statements regarding two distinct zones of car¬ 
bonization at once suggest a reason for not attempting at the 
outset a definition of the term “low-temperature carboniza¬ 
tion.” Let us briefly review the behavior, especially of a 
chemical sort, in these two zones. 


Temperature Curves 
in Lower Coking Zone 

In the first or lower 
zone, as we would ex¬ 
pect, the first 100 de¬ 
grees of temperature 
are required to drive off 
the free moisture, and 
until this work is com¬ 
pleted the temperature 
does not rise above 
T00° C. What occurs 1 
in the next 200 degrees 
is of fundamental im¬ 
portance, though it has, 
as a rule, been neglected 
by students of carbon¬ 
ization phenomena. J 

We find tha tjfceteny - 
neratnrg wirroa frnm 

any standard process— 
as, for example, tests 6, 
11, and 12 in Figure 1 


— .■ 

passed . If no influence 
other than simple heat 
conductivity were oper- 
, atingafter 100® C. had 
been reached, then 
, these curves from and 
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at 100° up to, say; 500° 
V | 1 C. would be straight 

I It 0 „ lines. Some influence 

“? is operative which 

tends to depress these 
I,,., . 7 —. lines and keep them 

r r below 200° C., and in 

jl tests 6 and 11 below 

£ 300 0 C., for a consider- 

able length of time. 

r '* c 4a In explaining this 

*-3 ___ 4 phenomenon we are 

*"*"~ C T3 " greatly assisted by the 

*~JT following information 

| which has been ob- 

yjf tained in recent years 

p=»Zl y ) from various sources. 

la- lit Below 300 ° c * the 

_ jB tA coal is still in the gran- 

ular or non-pasty stage. 
Mg ^ >» Below the pasty 

4 ^ stage there has been no 

* " a __ decomposition of a sort 

* j H* \ to deliver hydrocarbon 

/• *v^. j_1Z A'"' vapors. There is, how-1 

-I-i 7 ever, a rearrangement 

= vt| or condensation of or- 

' L-r^j 1 \ ganic constituents, 

^ — carrying hydroxyl and 
carboxyl groups of such 

“ **<>**» «« 


' 300° C. in S'hours, where the line flattens out for 1 Vs hours, 
or until the endothermic process is complete, when the normal 
accession of heat from the oven is alone operative for 1 hour, or 
until a temperature of 400° C. is reached. We are not just 
now concerned with the extension of this line beyond 400° C. 

Test 11, as indicated by the upper curve, shows a still more 
positive addition of heat, reaching 300° C. in 7 hours instead 
of 8, with a much shorter period of endothermic reactions. 
This again has a marked effect on the subsequent behavior, 
for after 30 minutes we proceed very quickly into the zone 
where decomposition is exothermic and the products are 
hydrocarbons instead of the oxides of carbon. 

This type of reaction is not only a function of the time 
required for attaining these critical temperatures, ]2ULiii4? 
decidedly of more pronounced and positive characfrr 
follows a quick accession of heat in the lowe r r«tn^e^ATid is 
lar less pronounced—in fact, almost annulled—where thei 
accession of heat over the endothermic range is unduly proj 
t longed. 

\ May I stress this point a little even at the risk of repetition? 
In our own experiments .a very extended series of data^jjjj 
nhasize the fact that thos* whi<-h nrmr. tjAV hrinw 

300-350° hftye.a p rofound apri indeed.-govpmino ffggt 
upon the reactions above 350° C.—that is, after the pasty 
stage has oeen reached—and furthermore, that the time factor 
I is all important. The coal in test 12 after 12 hours has a 


•ion to Facilitate Discharge 


carbon dioxide and 
water. i 


as the 


! is endothermic! and is fiiihstantiaflv 
ion oi heat that occurs below 1QQ° 


Ump 6an* 


, 


vaporization oi the tree water content ot the coal^ * 

This latent Leat oi wfcat we will call “oxygen decompol 
sition”--and I believe this is a proper designation for it—is 
affected in a decided way by the manner in which the heat is 
applied to the coal. In test 12 the thermocouple is inserted 
l in the center of the back door, or discharge end, of the oven. 
The application of heat here is slow and in the long-drawn-out 

time of 11 hours the endothermic 
reactions have spread themselves in 
a fairly even manner from the 
seventh to the eleventh hour. From 
our own studies on other phases of 

C Gxvse* " the problem it is very evident that 

• a long, slow application of heat has 

a marked influence upon the at¬ 
tending reactions, and also upon the 
• subsequent reactions at a further 

advance in temperature. This 
lower curve, for example, at the 
i J eleventh hour of heat application 

has exhausted the endothermic type 
} l \ [ , of reaction, and from 200® C. at 11 

i ||*i hours to 500° C. at 12 1 /*hours the 
! W ! I rise is in a straight line, showing 
I I substantially only the accession of 

! j heat coming by way of conductivity 

from the heat of the oven. 

1 ~ { | The curve for test 6 shows a more 

rapid application of heat, reaching 
200° C. in 6 instead of 11 hours, and 


ifi 





Flftur* 4—Apparatus for 
Ditiradutko of Ignition' 
Ttapmnm of Co mb 


* HoUiags and Cobb, J. Cktm. Soc., 
10t, HOST (1915). 


tosaa / j I 

ft&oxm 5 —Apparatus for Determination of Ignition 
Te mp erat u re of Coke 

behavior beyond 350° C. which bears no resemblance who¬ 
ever to the curve for test 11, which has reached the ‘ 
temperature after only 7 l /» hours. Indeed, the sone bekm 
300° C. would be very properly designated as the conditioning 
stage for establishing a certain chemical status from which 
very profound and fundamental differences in the hoVyfo 
occur above the critical temperature, which for this particnist* 
coal, from the Pennsylvania seam, is about 350° C. This 
time-temperature factor for bringing about certain very : 
important chemical conditions as a basis for proceeding into 
the next zone is made evident by ma y frm g the points at which 
the resultant temperatures in each of the three tests become 
exothermic—at 350° C. in test 11 at 7 l /t hours; at 400° C. 
in test 6 after 10 1 /* hours; and at 450° C. in test 12 after 12 l /*~ 
hours. This basic reactional condition seems indeed to be a 
straight-line function of the time. 

Attention should also be called to the pronounced character. 
of the curves immediately following these points. The 
curve following the shortest time—that is, 11—is sharp, 
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South Plainfield,Heir Jersey 
P.O.Box 324 

Notch'd or 29th. 1330. 

Ifr.C.lf.Buck, 

president of Thermolized Coel Corporation, 

Room S22 

17 East 42ad.St.Hew Iork,H.Y. 

Deer Sir:- 


Your company asked for a reoort on Thermolized Coal. I submit the 
following! 

I have run a series ol tests an your- Locomotive Boiler on Bituminous 
High Volatile Coal, ranging from 4757 to 13307 B.T.U. per lb., and found the 
following: 

The coal with 13307 B.T.U. wss run under the following conditions: 
After being thermolized end pulverized and fed to boiler by an automatic 
feeder 13 lbe.oer cu.ft.of combustion space. 


Furnace ^temperature 3090° F. 

CO 2 ty Volume 17* 

02 « ■ 3* 

QO • * .0 

H2 * » 80* 

Actual Evaporation 8 lbe. 

Flue Temperature 750 

Carbon in Ash 0 


Sad no smoke from stack, and no slag in the tubes or furnace at thfe end 
of 4 hours run under the above conditions. 

I have also found by actual test and experiment that doal after 
being thermolized and pulverized is not explosive. 

I have tested it by putting 3 lbs.under a hydraulic press under 15 
ton pressure and trying to ignite the seme by burning bag it was in,but failed. 
The same was then taken from the press and It would not hold its own weight 
and would crumble in ay hand. 


_, . J jyJS I h ave found by these experiments that coal after being thermolised 

f * • tC end oulverixed will not exolode, cake, heat or deteriorate in value. 


7 _ 

r 


JAN 1 


and pulverized will not explode, cake, heat or deteriorate in value. 

ve not made mention of the 4757 material In the above report, due 
that it was really not a coal. It is a lignite that came from 
in the raw state is absolutely no good for commercial purpose, 
thermolized and pulverized it was then run under the boiler carrying 
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I 


& furnace temperature of 2500° 7. with as good result as a ay coal, 
showing that themolizatlon of Bituminous coal and lignite increase 
efficiency over and above anything that has cone before the people 
ud to date. 

It is with pleasure that I submit this report and I trust 
that you will find it satisfactory. 


fours sincerely, 

(signed) Tolson Bedwell 

Consulting rhgineer 
Spicer Hfg.Corporaitioa. 


I 

I 





166 



No. 6261 

Therniolized Coal Corp. et al. 

Appellants, 

vs. 

Conway P. Coe, Conn*, of Patents. 


Copy 


HENRY L. DOHERTY & COMPUIY 

Sixty Wall Street 
New York, H.I. 


November 28, 1920. 


Ur. Chas. U. Buck, 
Thermolized Coal Corp., 
17 East 42nd Street, 
New York City,N.Y. 


Dear Ur.Buck:- 


Replying to your request that I set forth the im¬ 
pressions that I have foraed, concerning the utilization of 
theraolized coal, I offer the following 

It seens as though the processing has made possible 
1 the introduction into the furnace of a fuel that is constantly 
at its* highest burning value. It is also evident that it is 
possible, by reason of *thenaolizing•, to bum quantities of 
coal far in excess of standard’ practice, I witnessed tests at 
your Plainfield,#.J., plant where heat releases of 180,000 to 
200,000 Btu per cubic foot of furnace volume were obtained, and 
15 % to 17 % C02 evident. 

During the several test runs which I have witnessed 
and when you were burning fuels ranging from European Brown 
coal of 4000 Btu values to domestic bituminous of 12500 Btu 
value, I have seen absolutely no evidence in slagging, nor ary- 
excessive deterioration in refractories. Furnace temperatures 
of 2000° were observed. However, there is no doubt that if the 
boiler and furnace ratings, which seem possible by reason of 
this process, are maintained for long periods water-walls will 
be necessary. 


In conclusion, I would like to state that I have seen 
r theraolized coal exposed to open flames end handled in a manner, 
whlci) If acc orded standard pulverized coal would cause disastrous 
explos ions. ! * have also observed the storage samples maintained 
_. .at €fie“ request of the Interstate Commerce Commission, and have 
seen no. qvic ence of heating, deterioration, or increase of mois- 

jan fi*Mf *•*“! 

'. J trust that this simple statement of ay observations 


wijLl tje satisfactory. 


G.F.McClellan/HS. 


Yours very truly, 

(signed) G.F.McGlellan 
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CHARLES 0. LENZ 
Engineer 
142 ll^lden Lane 
New Y 0 rk,N.Y. 

I 

| 

December jl9, 1950 


l 


Ur. C. U. Buck, 
Thermolized Coal Corp., 
17 East 42nd.St., 

N. X. City. 


Dmt Sir:- 


Re: TH2KMQLIZED COAL PROCESS 


gy attention was first called to 
tion orocess in September of the current year. 

I have witnessed two separate demonstrations 
burning thermolized coal in powderea form, at the test olant, 
located in Plainfield, Neff Jersey, and have given careful 
consideration to your explanations of the phenomena which 
I have observed. 


rour 


thermoliza- 


From my observation of combustion conditions ap¬ 
pearing during these test runs, it is evident that a oara- 
mount feature is the high combustion rate per unit of furnace 
volume without furnace difficulties, such as slagging, 
st&lactiting and other detrimental effects which would be 
encountered under the same conditions if raw pulverized 
coal were being burned. 

It is apparent to me that some physical end 
chemical change has been effected by th eradication which 
has not heretofore been recognized and put into practice, 
so far as I have known during the thirty years in which I 
have been in continuous and close content with combustion 
problems. 

Your collected data on temperature of thermolized 
.orage and your described experiences id attempt- 
essfully to induce spontaneous combustion and 
appear to me to substantiate your claim that 
.tion materially reduces, if not eliminates, ex- 
d spontaneous combustion hazards. 

I 

Very truly yours, 

(sigped) -Charles Q. Lenz 

Consulting Ehdneer. 
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NEW VIEWS OF TffiLCOMBUSTJON OF THE VOLATILE MATTER 

' - CS^JJ^COAL: 


By S. H. Katz. 


INTRODUCTION. 



The Bureau of Mines is analyzing and testing fuels belonging to or 
for the use of the Government with the purpose of determining how 
these fuels may be utilized mo3t efficiently. This paper is one of a 
series dealing with the volatilization of the hydrocarbons in coal 
and the burning of the volatile matter in the combustion space of the 
furnace. 

CHEMISTRY OF VOLATILIZATION OF COAL MATTER. 



PHYSICAL INFLUENCES. 


r 


A 


{ • • \ 

^! When coal is heated it begins to ev olve gaseous and liquid matter, 

Vat temperatures which may be as low as 250° C.° The rate of evolu¬ 
tion increases with the temperature and at 350° is rather rapid; at 
450° the rate is much more rapid and it increases at still higher 
temperatures ; b at temperatures above 550° the rate begins to decline. 
Experiments have shown that in the distillation of bituminous coal 
the reactions that occur in the coal at temperatures below 750° C. 
collectively absorb heat, but those at temperatures above 750° C./34 
evolve heat. c 

The rate at which the volatile matter in coal distills is dependent 
only on the rate at which heat is supplied, and the heating of a coal 
particle to 900° or 1,000° C. is possible only on condition that evolu¬ 
tion of all the volatile matter simultaneously accompanies the rise 
in temperature.* The same relation undoubtedly holds in large 
masses of coal if each particle of a mass be considered by itself. The 
aggregate effect of heat in a large mass as compared with the effect 
on a separate small particle is modified by the low heat conductivity 


/ 9 



a Tayior, G. B.. and Porter, H. C., The primary volatile products of the carbonization of coal: Tech. 
Paper 14b, Bureau of Mu**, 1C:50 pp. 

> Capps, J. II., and Hulett, G. A., The distillation of coal yjadec pressu re: Jour. Ind. Eng. Cheat., voi. 9, 
1917, pp. 927-985. 

c Rollings, H., and Cobb, F. W., A thermal study of the carbonization process: Jour. Soc. Chem., 
voL 107, Hay 17,1915, pp. 1108-1115. 

4 Taylor, G. B., and Porter, H. C., The primary volatile products of the carbonization of coal: Tech. 
Paper 140, Bureau of Mines, 1916,59 p. 
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SUMMARY OF RESULTS ( ' EXPERIMENTS. | 

lachian field being less easily and rapidly broken doWn than the 
younger coals of the Middle-Western and Western fields. 

2. The first decomposition occurring in any type of coal as the 
temperature is raised is the breaking down of certain oxygen-con- 



UTERS PER KILOGRAM 


Figces 21.—Volume of gase >us constituents in volatile matter distilled from Wyoming owl (No. 43) 

at temperatures of 230* to 1,050‘C. 

■ 

taining substances related to cellulose, the products I being chiefly 

water, C0 2 , and CO. I 

3. Coal probably breaks down more or less at all temperatures, but ^ 
the temperature at which reactions occur to any extent in experi- | 
mental time is considerably above Jiormal atmospheric temperatures. ' 
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44 PRIMARY VOLATILE PRODUCE OF CARBONIZATION OF COAL. 

\ With bituminous coal of the Pittsburgh type volatile matter begins 
(to distill in appreciable quantities at 250° C. (482° F.), and with 
("Western coals, especially the subbituminous types, at a still lower 
^temperature. 

4. The formation of liquid and gaseous paraffin hydrocarbons 
begins at an early stage, but proceeds slowly at the lower tempera¬ 
tures. At 450° C. (842° F.) the volatile matter from the maturer 
bituminous coals consists chiefly of paraffins, whereas coals more 
nearly subbituminous, such as the Wyoming type, produce chiefly 
water and carbon dioxide at temperatures up to at least 450° C. 



0 24 48 72 96 120 144 168 192 216 240 

TIME, HOURS 

FlOfRi: 22.—Curves showing volumes of rises distilled from Pittsburgh coal (No. Go0) heated for long 

periods at 330’ C. 


5. Paraffin hydrocarbon gases of the series C„II 2n+2 higher than 
CII 4 predominate at temperatures below 400° C. 

6. Thermal decomposition of the volatile matter takes place very 
easily at temperatures above 750° C. (1382° F.) and increases the 
yield of the permanent gases, hydrogen and hydrocarbons. 

7. Distillation at temperatures above 750 c C. yields gases in which 
hydrogen predominates, whether secondary reactions are prevented 
or not, but secondary reactions of the volatile products will increase 
the total gas yield at the expense of the tar. 
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PREFATORY NOTE 


r I 'HIS paper forms the first of a new series of reports on 
A laboratory investigations, carried out at' H.M. Fuel Research 
Station, into the behaviour of coal on heating and on the 
products of distillation or carbonisation. 

It was mentioned in the Report of the Director of Fuel 
Research for the period ended 31st December, 1924 (p. 40), that 
an endeavour had been made to briquette coal under pressure 
after preheating it to 300-350° C., but that this, though successful 
on a small scale, failed on a large scale owing, apparently, to some 
decomposition of the coal substance at a temperature not much 
exceeding 200° C. 


In May, 1924, Mr. Harald Nielsen informed us of some results 
he had obtained with his assay apparatus, which indicated that 
decomposition of coal occurred as low as 250° C. 

These facts led to the institution of these investigations, the 
first results of which are described in the present publication. 


i 


The investigations are continuing and the observations here- 
given must not be considered as complete, or the conclusions 
as final. Further reports will be issued in due course. 



I 


C. H. LANDER, 

Director of Fuel Research . 


Department or Scientific and Industrial Rfsearch, 
1(5 Old Oueen Street, 

ns 

Westminster, S.YV.I. 

March, 1927. 
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THE PRIMARY DECOMPOSITION OF 

COAL 

1. THE TEMPERATURE OF INITIAL 
DECOMPOSITION 

INTRODUCTION 

T HE temperatures at which coals begin to decompose is of 
considerable technical importance, but there is some 
ambiguity as to the precise definition of “ the temperature of 
initial decomposition." Apart from the doubt as to whether 
moisture and gases (probably occluded) driven off at temperatures 
below 110°. C. should be considered as part of the coal substance, 
there is the further doubt as to whether decomposition may set 
in at a lower temperature than that at which vapours are given 
off, or whether some portion of the coal substance is driven oft 
without any actual decomposition of any constituent of the 
coal. The temperatures at which changes are observed un¬ 
doubtedly vary with the precise conditions of the experiment. 

In the most important carbonisation industries, gas and coke 
manufacture, the question of the temperature of initial decom¬ 
position does not enter into the major operations, but in subsidiary 
processes it has undoubtedly an effect which does not appear 
to have been fully recognised. Thus, in the preheating and"v 
drying of coal for the elimination of moisture before further ( 
treatment, it has generally been assumed that a temperature \ 
of the order of 250° C. may be used. It is shown in this paper t 
that such a temperature cannot be employed without some * 
change in the coal substance. 

In the consideration of the problems of spontaneous combustion 
of coal in bulk it may fairly be assumed that an accurate know¬ 
ledge of the temperature at which decomposition commences is 
of direct assistance. In the allied problems relating to coal-dust 
explosions in mines and elsewhere the interconnexion is equally 
strong. 

In the investigation of the constitution of coal, a knowledge 
of the point of initial change is undoubtedly of interest as it is 
the critical point beyond which the coai cannot be heated without 
risk of change. One such research method consists in extracting 
coal with solvents and certain investigators have made use 
of benzene under pressure at a temperature of 250' C. In view 
of the experiments described herein it would appear possible 
that certain of the phenomena encountered may be due to 
decomposition of the coal. 

In other investigations involving the distillation of coal it 
has not previously been recognised that appreciable quantities 
of liquid products of an oily nature are obtainable below 250* C. 
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In this paper are described experiments to determine the tem¬ 
peratures at which appreciable quantities of oily distillate are 
first obtainable from different types of coal. The nature of 
this primary distillate has not yet been determined but it is 
intended that its identification will form the subjectj of further 
investigation. 

Many investigators have, by carefully controlled | distillation 
in the laboratory, attempted to isolate and examin^ what are 
termed the products of primary distillation. 

The first object of their work was not the determination of the 
temperature of the first appearance of these products and this 
point was, in most cases, not observed closely. [ Very little 
definite information is, therefore, available regarding the lowest 
temperature at which decomposition, as evidenc'd by the 
appearance of an oily distillate, occurs. 

EXAMINATION OF PREVIOUS WORK 


J 


Before describing the new work undertaken it is 'desirable to 
summarise the previous work on the subject. A complete 
resume up to 1918 of the work referred to is given in a “ Mono¬ 
graph on the Constitution of Coal/’ by Stopes and Wheeler. 1 ’* 

The first studies were carried out in 1857 bv Dtelesse*-’, who 
observed the first signs of “ odeurs empyreumatics and of the 
appearance of liquid products of distillation. His chief conclusions A 
were that peat begins to decompose at about 250° C., l ignite at ] 
about 300* C., and coal at alxmt 40U T ~V. De Marsilly, l3> some 
years later carried out a similar investigation and was deceived 
by the es cape of occluded gases at 100° C. into thinking that 
decomposition was taking place at this temperature] The above 
temperatures recorded by Delesse have been shown by later 
investigations to be those at which active decomposition occurs. 

In 1906. Bornstein* 4 ’ made use of direct distillation and carefully 
observed the temperatures at which an oily distillate (and water) 
first condensed in the receiver. His apparatus consisted of an 
externally heated iron vessel in which 5 kg. of coal could be distilled. 
The difficulty of heating such a bulk of coal* uniformly is evident, 
and it would seem possible that products of decomposition could 
be collected from coal near the retort walls which had been heated 
to a temperature in excess of that recorded by the j thermometer 
embedded, as this was, near the centre of the coal charge. At 
tlie same time the large quantity of coal treated Would permit 
of the immediate recognition of very small quantity's of distilled 


products. Bernstein examined in this way. wood' peat, lignite 
and eight varieties of bituminous coal. The eoi^i was heated 
slowly*to 250 <\ and thence in 50 stages. Any decomposition 


occurring below 250 C. would thus be observed at approximately 
the correct u-mjK'rature. but any occurring later would only be 
d« fined to within 50" j 


* T tiguro n-fer to th«- oiMi<*graphv on jj». fR. 
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EXAMINATION OF PREVIOUS WORK 3 


In several cases an oily distillate was obtained below 250° C. 
The following three examples are illustrative of this, but in no 
case is the decon position point very closely defined:— 



Upper 

Silesian 

Westfalian 

1 

long flame 
coal 

gas coal 

fat coal 

l>ry ash-free coal— 

Carbon 

81*0% 

84*0% 

88*0% 

Hydrogen 

4*7% 

4*4% 

5*2% 

(>.\ygen 

12*2% 

8*0% 

4*8% 

First water 

200° C 

200° C 

200° C 

Abundant water 

250° C 

300° C 

400° C 

First oil .. 

250° C 

200-225°C 

abt. 200° C 

Main distillation begins 

325-60° C 

390-400° C 

425° C 


In 1914 several papers were published in which observations 
of the temperature of decomposition were made. Burgess and 
Wheeler* 5 * studied the behaviour of coal when heated in vacuo 
in an inverted retort, and arrived at the following conclusions:— 

(1) Occluded or condensed gases are removed as the tem¬ 

perature rises from 150 to 200° C. These are chiefly 

higher paraffin hydrocarbons. f 

(2) A decomposition point at 200° C. yields water in consider¬ 

able quantity, but very little gas. 

(3) Some organic compounds containing sulphur decompose 

between 270° and 300° C. 

(4) Liquids other than water appear at about 310° C. without 

marked evolution of gas. 

(5) A decomposition point at 350° C. started the rapid 

evolution of gas. 

In discussing these results tjhe authors state that the first 
appearance of oil need not necessarily be due to decomposition, 
but that the oil may be a substance liquated out of the coal 
conglomerate. The early decomposition of coal to form water 
was confirmed bv Ran and Lambris,' 6 ’ who found that as the 
oxygen content of the coal increased the decomposition temperature 
decreased. 

In America. Porter and Taylor 171 made an examination of the 
progress of carbonisation in certain American coals, paying 
special attention to the initial stages. Four types of coal were 
selected and subjected to vacuum distillation. Ax_250 C. ea ch ^ 
tvpe decomposed to a measurable extent, the oil produced varying 
Trotn traces to 0*32 jx*r cent, of the coal after 6-7 hours’ heating. 

At 350 the tar produced was very much greater,* runs of 
7 t«» 13 hours producing from 0*66 to 5*53 per cent, from the 
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1 ho temperature of rapid decomposition of fuels of increasing 
oxygon content was investigated by Jones' 8 ’ who heated each 
fuel in an iron retort and measured the tonijwniture at which the 
rapid evolution of gas commenced. 


Furl. Temp, of rapid evolution 

of gas, jdeg. (\ 

Wood .. .. .. .. .. .. 150 

Lignite, brown .. .. .230 

black .. .. .. .. .. 360 

Coal, Illinois .. .. .. .. .. t$(X) 

. gas .i330 

„ smokeless .. .. .. .. .. 340 

j 

The general conclusions which may bo drawn jfrom this 
bibliography are as follows :— 

(1) That the first pr<xlucts of decomjx>sition of coal are 

water and the oxides of carbon, but that I those are 
preceded by the evolution of gas which ! has been 
* occluded or absorbed in the coal. 

(2) That visible decomposition to produce oil or tar is 

initiated at temperatures between 250 and|350 <\ 

(3) That the temperature of initial decomposition apparently 

increases with decrease in oxygen and increase in 
carbon content. 

! 

It is quite possible that the separation ot fluid bodies from the 
coal is not a sign of decomposition, but that the liqukjl produced 
is liquated from the coal. Particularly does this apply to the 
experiments where the heating was carried out in high vacua. 
This point still remains uncertain, but it is evident (that oil or 
tar can appear at a temperature lower than that atj which the 
rapid evolution of gas starts see Burgess and Wheelyr' 3 '. This 
fact has also been mentioned by one of the authors' 9 iij describing 
the results of examination of coals by tlte assay method of tlie 
Fuel Research Board. In this investigation it was jnoted that 
oil vapour, and even drops of oil. appeared in the (iooler parts 
of the distillation tube an appreciable time before jthe steady 
evolution of gas commenced. 

In thi> connexion the examination by Illingworth ofj the various 
compounds, separated by him from eoal. is of interest. In his 
papers on the action of >ol\vnts on eoal he states l0 | 11 ' that the 
" iilmin * compounds in lignites are decomposable at t«tm|x*ratures 
below 300 f. and sometimes below 250 <*. Of the compounds 
extracted by him from coal the alpha comjxmnds are stable at 
450 (., tlie beta comjxmnds begin to deconijmse at 300 (*. and 
the gamma compounds decompose according to type. the most 
-table being destroyed at 450 ( . Later, in investigating the 
action of heat on the gamma comjxmnds lie showed that aftc** 
a coal had been heated out of contact with air to 200 210 <\ 
for 24 hours the gamma compounds had lx*cn | sufficiently 
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EXAMINATION OF PREVIOUS WORK 5 

depolymerised to be much more readily extracted by solvents. 
At higher temperatures 3<X) 35<)~ C. this action was considerably 
in ore marked. 

It must be recognised that the figures given by Illingworth 
are not comparable with the results of the present investigation, 
in that the coal has lieen acted upon to an unknown extent by the 
solvents used. 

A study of the behaviour of coal under heat has offered many 
examples wherein coal would appear to decompose at much lower 
temperatures than the average figures quoted above. In general, 
these examples of anomalous behaviour have been attributed to 
oxidation, as the presence of oxygen, either as air or condensed 
on the coal, must lead to the formation, at relatively low 
temperatures, of products which might be mistaken for those 
of decomposition. For example, Maliler' 12 * in 1913 allowed that 
the passage of air over coal produced at* 100 3 C. pure water, at 
250 3 O. water containing traces of acetic acid and at 300° C. an 
acid liquor containing hydrocarbons. At 200° C. the presence 
of traces of acetone and methyl alcohol was also detected. 

THE PRESENT I WEST IG AT ION 

The present investigation was carried out, therefore, to make"'; 
a further determination of the temperatures of decomposition ; 
of certain types of coal under conditions which excluded influences . 
other than heat. It was decided that the evidence of decom¬ 
position to be accepted should be the appearance of vapour or 
drops of an oily nature. 

In the assay of coal by the Gray-King method,'*’ the figures 
quoted for the decomposition point are high in that the 
thermocouple by which the temperature is measured is in the 
furnace and not in the coal. In this assay, the coal, contained 
in a silica retort, is plunged into a temperature of 300 3 ('., and 
is then gradually heated to 600° C. in one hour. The coal is, 
therefore, not at a uniform temperature in the early stages and 
• >niy an approximate value is obtainable of the temperature 
at which oil vapours appear. If an example be taken of a coal 
which shows traces of oil vapour at a furnace temperature of 
350 J (*c, the corresponding temperatures in the coal would be as 
follows: — 

I leg. C. 

Furnace temj>erature .. .. .. 350 

Gas space above centre of charge .. .. 315 

Centre of charge .265 

JVlow centre and touching wall of retort .. 320 

It is apparent that the products of decomposition from the 
top of the charge will be the first to appear from the retort. As 
no gas is then being evolved some time must elapse before auy 
vapours find their way along the tube in sufficient quantity 

i *yo 
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be noticeable. It may therefore be concluded that the figures 
ordinarily reported in this assay for the appearance of oil vapour 
are higher by at least 50' ('. and possibly 100° CL than the true 
temperature at which they were evolved from the coal. 

The six coals chosen for experiment formed a series from peat 
to anthracite, each coal being representative of one class. 

The first method adopted for the investigation ivas one making 
use of the sweeping action of a stream of inert gas. It was * 
expected that this stream would remove the products of decom¬ 
position as they were formed and that their advent would become 
apparent when condensation took place in the cool parts of the^J 
apparatus. _ 

When nitrogen is used as the inert gas the temperature of . 
initial appearanc e of oil from peat is 180 C'., fromTignite 250° C, 
and from bituminous coal 215 v ' C. for caking coal, to 240° C. for 
non-caking coal. In ilie_cas e of anthracite no definite value is 
ob taina ble. Darker oilsare obtained from peat and lignite than 
from bituminous coal and these are condensed much nearer the 
hot zone. It would appear, therefore, that they have a higher 
boiling point and are more likely to be liquation products than 
are the oils from bituminous coal. On continued heatmg at the 
same temperature the amount of condensate increases steadily. 

The general conclusion, reached from a study of the literature 
on the subject, that the temperature of initial decomposition 
increases with decrease in oxygen content is not jbome out. The 
bituminous coal of lowest oxygen, although givirig a higher value 
than peat gave a lower value than lignite and the other two 
bituminous coals examined. If the generalisation is confined 
to bituminous coal it is. however, indicated that [ the temperature 
of initial decomposition increases with increasing! oxygen content. 

When other non-reactive gases, such as hydrogen and carbon 
dioxide, are used, the results are substantially 1 the same. The 
values for lignite in these two gases are respectively 220° and 
250 c C., and for caking bituminous coal 215' and '225 C. It is 
interesting to note that in 1898 Anderson* 13 * examined the effect 
of carbon dioxide on coal at 300 (*. At tliisj temperature lie 
found that the decomposition took place with bituminous coal, 
and to the greatest extent with long-flame ijion-caking coals. 
He also found that signs of melting were apparent- in coking 
coals at 317* C. These temperatures are much higher than those 
found in the present investigation. 

Before the appearance of oil the evidence of reaction in the 
coal substance with formation of water is almost! continuous from 
the temperature at which tlve coal has lxvn dried (MO ('.). With 
all types of coal the foliation of water is continuous, but at certain 
stages the evolution is considerably acceleratedj With peat ami 
lignite such acceleration occurs from 160' to 170 <*., with 

attendant acid fumes and traces of hydrogen suilphide, and again ( 
at the point of appearance of oil. The amount of water 
evolved from lignite to this temperature is as high as 2*2 per. 
cent, ami is 0*8 per cent tor tlu* caking and] non-caking coal$ 


Table I.— Analyses of coals examined (dry ashfree basis) 
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Not *.—Moisture in air-dry coal, per cent. (I) 20-0, (2) 36*2, (3) 13-7, (4) 3-2^ (5> 18) 2»i. 
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Koto .—Moisture in air-dry coal, per cent. (1) 20-0, (2) 38-2, (3) 13*7, (4) 3*2^ <5> (0) 2*4. 
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examined. No acceleration of the rate of evolutioii is obtained^ 
until the point of appearance of oil. With anthracite the reactions \ 
are less marked. Up to 450° C. the rate of evolution of water i 
is approximately constant, yielding a total of 0*45 per cent., f 
while above this value it is accelerated to yield aj further 0*4 f 
per cent, to 500- C . At this temper at ure actual decomposition / 
to form substances of an oil y nature, commen ces and is aga in/** 
; 1 1tended by the more rapid evolution of water. 

If the temperatures of decomposition.are determined by heating^ 
the coal in vacuo instead of in a stream of inert g^s, the values 
recorded are approximately the same. This is not ih accordance J 
with the results of Burgess and Wheeler, but the quantity of oil 
actually formed is so small that it is possible that no really 
appreciable quantity is separated until the higher temperatures 
quoted by these workers are reached. 

New values have, therefore, been established for the 
temperatures of initial decomposition of coal. These values are 
more closely defined and are appreciably lower, for all types of 
coal, than have previously been reported by other Workers. The 
steady formation of water from coal is of special interest in tliat 
it points to internal oxidation. In the presence of] free oxygen, 
bituminous coals give off on heating carbon diqxifle and water 
at rates varying with the temperature. Parr >fid Coons* 14 ’ have 
shown that, in the presence of oxygen, coal becomes self-heating 
at a temperature of from 140-200° C. In the absence of gaseous 
oxygen, it is interesting to find that accelerated evolution of water 
occurs at the decomposition point just over 200° C. for. British 
bituminous coals. 

This conclusion is confirmed by E. L^zlo 115 * Who also finds 
that water is given off steadily with increasing temperature and 
hits observed maxima at the points of initial evolution of tar. 


Table 2.— Gray-King assay at 600° Ci 



Temp, of 
appearance 
of oil 
vapour X. 


230-250 

2<>u 

3SO 

:*7o 

380 


I ppcaruncc of coke — 

(1) Black, pulverulent; (2) Similar to (1); (3) Similar to (1); 

(4) Bright grey, compact mass, slight shrinltfage apparent; 

(5) Bright black, considerably swollen .and very j>ornus. 

1A9 J __ ^ 
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temperatures of apparent decomposition, etc. S 

COALS USED 

Six types of coal were chosen and_quantities were prepared 
of the necessary size of particles. These quantities were then 
carefully sampled for analysis. The results of analysis and of 
examination in the Gray-King assay apparatus are given in 
Tables 1 and 2. 

TEMPERATURES OF APPARENT DECOMPOSITION IN 
THE GRAY-KING ASSAY APPARATUS 

The temperatures at which oil vapours first appear from the retort 
tube are obviously higher than the true decomposition point. 

To what extent the above values differed from the true tem¬ 
perature of the coal was determined by carrying out a number of 
experiments in which thermocouples of very thin wire were inserted 
at three different positions >in the retort. The positions chosen 
were (1) in the centre of the free space above the coal; (2) in the 
centre of the coal charge; (3) at the centre of the charge and. 
touching the retort wall on the inside. 

The results of these readings are given in Table 3 and shawl 
graphically in Fig. 1. 


Table 3 .—Distribution of temperature during the assay of coal by 

the Gray-King methods 


Time 

• 

Temperature 
of furnace 

In free 
space 
alx>ve coal 

In centre 
of coal 

At bottom 
touching 
silica tube 

min. 

deg. t\ 

deg. (\ 

deg. C. 

deg. C. 

0*0 

3(H) 

15 

15 

15 

3*8 

310 

180 

94 

192 

5*0 

320 

228 

127 

237 

8*0 

330 

256 

164 

266 

7-2 

340 

282 

198 

288 

8*5 

350 

303 

231 

306 

8*8 

360 

321 

260 

324 

11*3 

370 

:*37 

291 

339 

12*7 

380 

353 

317 

355 

14*2 

390 

368 

336 

369 

15*8 

4(H) 

383 

352 

394 

10*i 

420 

410 

383 

407 

22*4 

440 

436 

415 

433 

25*7 

460 

458 

443 

454 

20*0 

480 

480 

468 

476 

32*3 

500 

5(H) 

492 

498 

35*6 

520 

j 

520 

520 

520 
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The temperatures recorded in the interior of the retort were, 
at first, lower than those of the furnace but, after the lapse of 
about^ 30 minutes, when the furnace temperature had reached 
500* €., the temperatures at the four points were practically 
identical. It may, therefore, be concluded that the temperatures 
ordinarily reported for the appearance of oil-vapour are higher 
by at least 50° C., and possibly by 100* C. than the true tempera¬ 
ture at which they are evolved from the coal. 


TEMPERATURES OF APPARENT DECOMPOSITION IN 

A STREAM OF INERT GAS 

The special apparatus employed is shown in Fig. 2 and consists 
of a cylindrical distillation tube of hard glass, 9 in. long and 
1 in. in diameter. Around this tube and connected to it near 
the lower end is a -spiral tube of hard glass. The apparatus* is 



inserted into an electric furnace in the manner indicated, and 
arrangements arc made for the passage of a stream of inert gas 
through the spiral tube and into tlie distillation tube. Thermo¬ 
couples of fine coppcr-constantan wire are inserted into (a) the • 
electric furnace. (/>) the charge of coal and (c) the gas stream just '* 
before it enters the cuaL A tub** is arranged, cooled bv liquid 
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air or ice, in which observations can be made of the : nature of 
any products which condense. . i * 

The coal was crushed to pass a 10-mesh and be retained on 
a 20-mesh (I.M.M.) sieve; ' In order to facilitate heating and to 
ensure a freer passage of gas through the charge, the coal was 
mixed with twice its weight of freshly ignited sand, sieved to the 
same size of particles as the coal. The charge of coal was 20 gm. 
which, with the additional 40 gm. of sand, almost filled the 
distillation tube. The preparation of coal of this size presupposes 
preferential separation to some extent, but as all the experiments 
were carried out in the same manner the result^ should all be 
comparable with one another. 

The inert gases used were nitrogen, hydrogen and carbon- 
dioxide. These were carefully purified to free them from oxygen 
and moisture. | . 

Nitrogen 

This was obtained by purifying commercial gas supplied in 
cylinders. The gas was passed over moist yellow phosphorus to 
remove oxygen, slaked lime to remove oxides of phosphorus* and 
dried by means of calcium chloride and concentrated sulphuric 
acid. The column of phosphorus used to remove the last traces 
of oxygen from the gas was four feet in length. 

f 

Hydrogen j • 

This gas was purified by passing it through! a red hot silica 
tube containing freshly reduced copper, and then .through the 
drying train. 

Carbon-dioxide 

This gas contained no oxygen and required treatment in the 
drying train only. 

After purification each gas was tested and found to be free 
from oxygen. 

Method of Operation 

The sieved coal, after admixture with sand f was introduced 
into the distillation tube ; a piece of copper gaiufe preventing the 
charge from falling through the lower end. 

After turning on the gas, and regulating the| stream to a rate 
of 9 litres per hour, the temperature of the furnace was raised 
to 110’ (\ and maintained at that^ value until fill moisture had 
been expelled' from the apparatus. The temperature was then 
raised, at the rate of 30 ; ('. per hour, until traces of oil were detected 
in the observation tube. This temperature was noted and a 
fresh experiment started at a slower rate of hejuting. 10 C. per 
hour, and the appearance of the first visible tra<|e of oil observed. 
During the period of observation, water was fonjied from the coal. 
substance at different stages, and condensed in! the tube 
from the distillation tube. When oil ,yapyu£\ first appe; 
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difficulty was experienced in detecting .their presence. The 
vapour varied in colour from yellow to brown, and condensed * 
nearer the coal than did the moisture. The cooling tube shown in 
Fig. 2 was, therefore, an unnecessary part of the apparatus, but 
was retained, as a safety precaution, in all the experiments. 

The rate of passage of gas through the coal was arbitrarily a 
fixed at 9 litres per hour. This meant a sweeping action in the i 
tube such that the gas would be changed, theoretically every 
0*5 mimite. It was expected that this would be quite sufficient 
to give an indication of the first appearance of oil within 1 minute . 
of the time of its formation, or, therefore, within 0*2° C. of the j 
temperature thereof. ^ 


Results 

The observations taken with each of the samples of coal when 
using nitrogen are set out for comparison in Table 4. 


Table 4.— Initial decomposition temperatures of six types of coal 

in a stream of nitrogen 



Initial 

appearance 

Colour 
of oil 

Remark* 


deg. C. 

< 

I 

j 

. r 

Peat . 

180 

Brown 

Fumes appeared at 
170* C. 

Lignite '.. 

235 

Brawn-yellow 

Fumes appeared at 
205° C. 

Hit. str. caking .. 

(" Mitchell Shiin *‘) 

215 

| Yellowish .. 

Fumes appeared, at 
210* C. 

lilt. metl. caking 
(“ Dalton Main ") 

230 

k 

l 

Yellowish .. 

I 

i 

t 

i 

At 200” C. acid fumes 
appeared, containing* 
hydrogen sulphide 
and acetaldehyde. 
Oil fumes appeared 
at 210” C. 

Hit. non-caking .. 

Fllislown Main ") 

245 

i 

Yellowish .. 

Fumes appeared et 
230° C. acid in 
character. 

Anthracite 

!,,, 

• 

! 


No oils appeared up 
to 550* C. Ammonia 
evolved in quantity 
at about 45»*’ C. 

. 


Kate <>f increase of temperature . .. 10? C. per hour. 

Has in distillation tube changed.everv 0*5min. 

» * an 
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The darker oils evolved from the j»eat and lignite condensed 
much nearer the hot zone than those from the bituminous coal. 

If-it be assumed that the peat and lignite oils are produced by 
liquation, then it seems likely that those produced from 
bituminous coal are decomposition products, j It might be 
inferred that the first products obtained by the distillation of peat 
and lignite have higher boiling points than the corresponding 
products from bituminous coal. 

In every case', except that of anthracite, the amount of product 
which condensed increased on continued heating at the critical 
temperature. This continued heating was not 'maintained for 
longer periods than 3 hours but, in each case, the increase was 
unmistakable. 

Further experiments on two of the coals were carried out 
using hydrogen and carbon dioxide in place of! nitrogen. The 
two coals selected were the lignite and the bituminous caking 
coal. The others were not examined when it was {found that very 
similar results were obtained. ! 


Temperature of apiie.trnnce ‘>t oil* 
when u>i!ng 


1 

Nitrogen 

1 

1 

- 1 - 

Hydrogen 

1 Carlx>n 
i dioxide 

Lignite d-ashio. Hurma) 

2:i5 

22ol 

25o 

Caking bituminous coal 

215 

215 

| 225 

(*' Mitchell Main ”) 


i 



i 


FORMATION OF WATER DURING HEATING 

A 1-tkthkk set of experiments was carried out using pure nitrogen 
in order to determine at what stage <»r stages waiter was produced 
from the coal. In these experiments the nitrogen was washed 
with alkaline pvrogallol solution, passed over ljiot finely divided 
eopjxT and dried by means of concentrated sulphuric acid and 
calcium chloride. 

When dealing with bituminous coals and anthracite from which 
the evolution of water was small. l’-tubes containing phosphorus 
pentoxide were attached to the outlet from tliej distillation tube. 
It was arranged that each of these could be h>ed in turn and 
renewed as required. In view of this change a tube <*f phosphorus 
pentoxide was introduced into the gas-drying train. 

Each coal was maintained at a temperature!ol 110 (\ in the 
apparatus until all moisture had l>eon driven ohj. Thi> operation 
took from 2 to 3 hours. 



188 


15 


No. 6261 

Thennollzed Coal Corp. et al* 

Appellants, 

vs. 

Convey P. Coe, Comr. of Patents. 

FORMATION OF W.\TER ’’RING HEATING 

Anthracite (Brynhenllys Lower Seam) 

Traces of water were evolved continuously nom I10 c to 450’ 
C. at a fairly constant rate and amounted at this temperature to 
0-45 per cent, by weight of the coal. Above 450° C. the moisture 
collected more quickly and a further 0-4 per cent, was collected 
at 500 c C. At this point the pentoxide became brownish yellow, 
although no oil could be detected in the side tube. 

From 500 to 660° C. water was evolved fairly continuously, 
the total amounting to 0*9 per cent, of the coal. 

A white sublimate appeared in the side tube, but not until 
a temperature of 350° C. was reached. The amount of the 
sublimate increased steadily up to 700’ but became greenish 
3 ’eljow at the hotter end. At 350 c C. also the first traces of 
hydrogen sulphide were noticed, while at 450’ C. the evolution 
was marked. 

In a subsidiary experiment, a little of the sublimate formed at 
450 c was collected and examined microscopically. It consisted 
of colourless crystals interspersed with tiny drops of oil. After 
recrystallisation from a drop of water on the object glass 
and subsequent evaporation of the water, the appearance is 
shown by the accompanying microphotograph (Fig. 3). The 
crystalline substance was, at least in greater part, ammonium 
chloride. The yield of sublimate was extremely small, only a 
few mg. from 100 gm. anthracite. The sublimate from " Ellistown 
Main" coal was similarly examined and shown to contain an 
ammonium salt, but owing to the extremely small quantity it* 
was not possible definitely to identify the salt. 

f 

Caking bituminous (“ Mitchell Main ”) 

Traces of water were evolved continuously from 110’ to 
220 3 C.J amounting in all to 0-2 per cent, by weight of the coal. 

- At 215 J (\ a white sublimate 3 appehred in the side tube and at 
225’ C. the first traces of oil were detected. The appearance 
of oil was again attended by an acceleration of the rate of evolution 
of water. 


Non-caking bituminous (“ Ellistown Main ”) 


Traces of water were evolved .continuously from lb) to 
240’ C.i The total quantity collected up to this temperature 
amounted to 0*8 per cent, of the coal. 

At-25^ C. a white sublimate appeared in the side tube and at 
240-250 (. the first traces.-ot oil were observed in the side tube 
and were also detected by the appearance of a coloration in the 
phosphorus pentoxide. At this temperature also the rate of 
evolution of water was accelerated. The appearance of oil was 
accompanied by . a definite acceleration of the rate of evolution 
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Fig. 3.—Oil Drops and Crystals of NH,C1 X 36. 
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Peat ( Turraun) and Lignite ( Burma) 


Temperature 

Peat (i'urraun) 

| 

Lignite t Burma) 

deg. C. 

105-110 

Kcmoval of moisture. 

123-135 

Sufficient water to wet 3 in. of side tulv. 

150 .. 

— 

Further similar quantity of 

160-17U 

I.arge drops of water, acid 

water. 

170 

fumes, traces of If t S. 

Acid fumes, traces of H t S. 

180 .. 

Light yellow oil. 

— 

185-105 

— 

Further evolution of water. 

200 .. 

: Evolution of water. 

— - 

210-215 

— 

Evolution of water and acid 

i 

220 .. 

1 

! 

1 

fumes. 

Drops of yellow oil appear. 

200-240 

Oils increasing in amount 

220-240 

and darkening. Contin¬ 
uous evolution of water 

with acceleration at 23<»- 
•v« 

Oils increased in amount. 


The amounts of water evolved from the lignite sample were 
approximately as follows 


Temperature 
(deg. C.) 

125-135 

145-155 

185-195 

210-216 


Water evolved 
per cent, of lignite 

0 - 6 "| 



DECOMPOSITION IN VACUO 

A series of experiments was carried out to determine whether 
the first signs of decomposition in vacuo could be detected at 
temperatures as low as those obtained when employing the 
sweeping action of inert gases. 

The apparatus employed is shown (Ungrammatically in Fig. 4. 
The coal teas again heated in an electric furnace, a thermocouple 
being placed in the furnace and another in the coal, fhe 
observation tube was arranged so that it could be cooled by means 
of liquid air. The vacuum pump was of sufficient capacity to 
maintain the pressure in the system below 1 inm. of mercury. 

. In carrying out an experiment the apparatus was first 
exhausted and the retort maintained at 110 J C. for one hour 
to remove the last traces of moisture from the coal, lhe observa¬ 
tion tube was then immersed in liquid air and .the temperature 
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. I 

I 

I 

of tin* furnace ‘raised. The heating was maintained at a 
sufficiently low rate in order that the temperature ill the coal 
should not be appreciably lower than that of the fulrnace. At 
150' C. the temperature was maintained constant for one hour, 
dry nitrogen was admitted rfnd the observation tube' wits with¬ 
drawn and examined. No oils were detected, the tube was 
replaced, the system again evacuated, and heating was 
continued to a higher temperature. This procedure was repeated 
with successive increments of temperature until the presence 


Thermocouple in com. 


ROSACE itwcpmqcoupue 


Tb NITBOGHCN CYUNQEW 


Tb pump 


Fig. 4.—Distillation of Coal in Vacuo. 


of oils was detected in the observation tube, i When this 
phenomenon was observed a repeat experiment was carried out, 
commencing at a temperature nearer the. ultimate t^alue, and 
using'smaller inemnents of temperature. Two of the coals were 
examined iir this way and the final results obtained were as* 
follows^ | 

In vacuo In nitrogen 
deg.<\ ! deg. C. 

Lignite (Lashio, Burma) *. .. 230 235 

Caking bituminous coal (" Mitchell 220 215 

Main ”) j 


1 

j 


These results are pra< 
when a stream of nitrogen 


.re practically identical with those obtained j 
itrogen is used as a sweeping agent. ' 


COMPARISON OF RESULTS WITH PREVIOUS 

OBSERVATIONS 

I 

The temperatures ;i,re much lower than those giv^n in the earlier 
paper of Burgess and Wheeler' 5 ’ but the actual Quantity of oil 
found was so small that it is possible that no really appreciable 
quantity is separated until the higher temperatures recorded by 
these workers are readied. In a later paper’ 1 * these authors 
describe the results of further experiments Using their original 
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method. but paying more particular attention to the point of 
initial decomposition. The coal used was a Lancashire one, 
consisting essentially of clarain and the first appearance of oil.; 
(reddish brown) was-recorded at 280' That decomposition: 
has begun then is confirmed by marked changes in the composition 
of the gases produced. This temperature is still very appreciably 
higher than those now recorded. It does not seem possible that 
so great a difference can exist between British bituminous coals 
and, if this is true, it can only be assumed that the present method 
allows of the detection of the very small quantities of oil which 
indicate initial decomposition. 


CONCLUSION* 

It has been shown that coal, when carefully heated out of contact 
with free oxygen, decomposes to produce visible amounts of liquid 
cils at temperatures varying from 180' (\ for pe.it to 215‘ to 245 ’ C. 
for bituminous coals. This decomposition continues for some 
hours at least if the coal is maintained at the initial temperature. 

With bituminous coals the temperature of initial deco!njx»ition 
appears to increase with increasing oxygen content and decreasing 
carbon content. Coal is a mixture of many constituents, and 
the real reason for this generalisation has not vet been established. 
The evolution of water from coal in the absence of air is a 
gradual process, but with certain coals there are temperatures 
at which the rate of evolution is accelerated. With bituminous 
coals the first acceleration of moisture evolution coincides with 
the appearance of oil vapour. 
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I witnessed a combustion test of the Fronteijiac-Santa Fe 
coal and also a similar test of the O’Fallon-Ulipois #1 coal. 
Previously I had learned from representatives of our Com¬ 
pany that attempts to burn either of these ccials in a pul¬ 
verized form were unsuccessful in a locomotive firebox due 
to slag formation which in a short time would' almost com¬ 
pletely cover the flue sheet of the boiler and tfierebv cause 
an engine failure. In fact, the ash of these cdals has such 
a low fusion point that burning either fuel on the customary 
grate in lump form did not meet with entire success. 

The first combustion test of pulverized cohl treated by 
your thermolizing process which I witnessed was on Octo¬ 
ber 29, 1930, at your Plainfield, N. J. test plaint. During a 
period of two hours and fifty-six minutes, 7^5 pounds of 
Frontenac-Santa Fe coal w T as burned. This Js equivalent 
to an hourly burning rate of 10 pounds of coal per cubic foot 
of furnace volume. The maximum rate of f6ed per hour 
was 11.55 pounds of coal per cubic foot of furnace volume. 
A firebox temperature of 3020° F. was attained. 

Upon the completion of this test the firebox ^as carefully 
examined, but there 'was no slag formation on ^ither the flue 
sheet of the firebox sidewalls. 

The second test which I witnessed was on November 11, 
1930. This test was conducted for a period of two hours 
during which time 570 pounds of O ’Fallon-Illihois #1 coal 
was burned in suspension. The rate of feed $er hour was 
11.6 pounds of coal per cubic foot of furnace volume. The 
highest firebox temperature attained was 2850° F. 
164 As in the first test, the firebox was again carefully 
examined upon the completion of this t^st, but as be¬ 
fore, the flue sheets and boiler sidewalls were free from slag 
or other sticky, tacky formation. 

This test and the previous test proved conclusively that 
the fuels mentioned above, which are normally!serious slag¬ 
ging offenders, when treated by your process and pulver¬ 
ized, may be burned in suspension without slagging at rates 
of feed given above. 

Very truly yours, 

THE STANDARD STOKE^l CO. INC. 

(Signed) C. J. SURD JKOWSKI. 

C JS :V. j 

(Here follows photolithographed pages 165 to 193 inc.) 
6—6261a 
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194 Plaintiffs' Exhibit i. 

Foxwell article from “Engineering” of January 12, 1934, 
entitled “The Combustion of Pulverised Fuel” (offered 
at the trial). 

The Combustion of Pulverised Fuel. 

By G. E. Foxwell, D. Sc., F. Inst. P., F. Inst. F. 

A point that should be stressed strongly in connection 
with the problem of combustion of pulverised fuel, which 
is a matter of peculiar interest at the moment, is that it 
is not primarily an engineering problem ; it is a problem 
for the combined attention of the chemist, the physicist, 
and the engineer. It is by no means true to suppose that 
all coal dusts are similar in character and can be judged 
solely from their calorific value and ash and water content. 
One of the primary problems of the future is to be able 
to burn all coal dusts with equal facility; although at the 
present time this object has not been achieved, much can, 
none the less, be done by a suitable selection of coals. 

In the boiler furnace, according to modern ideas, the 
aim should be to attain the highest possible flame tempera¬ 
ture in order to increase the rate of heat transmission. 
The increasing use of preheated air is one direction in 
'which this tendency is shown. In other types of furnace 
a softer flame may be preferred. Both of these objects 
may be achieved by a combination of size of grinding and 
selection of coals. In the extreme case, as is known, too 
coarse grinding results in the emission of smoke from the 
furnace, showing a combination of highly “soft” flame 
with, possibly, a reducing atmosphere. 

It is more general practice that an intense flame is re¬ 
quired, and this necessitates that the fuel shall be burnt 
as rapidly as possible. Fineness of grinding is one of the 
essentials for rapid combustion. To attain maximum load 
it is only necessary to grind the fuel to a limited degree of 
fineness, any further reduction in size showing much less 
influence on the combustion time. There is an economic 
limit to which grinding may be carried in the search for 
reduced time for combustion. The chief object to be borne 
in mind must be the adjustment of the chemical and phys- 
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ical qualities of the fuel, grinding being carried out only 
to the point of securing the necessary shortening of the 
combustion time. It is the present writer’s contention that 
one of the primary problems of the combustion of coal dust 
is to allow of burning material larger in sizO than that now 
allowable—say, between 1 mm. and 0 -25 mm.! maximum size. 
A burner now being developed by the Fuel Research Board 
appears likely to assist in achieving this object when the 
experiments are ultimately completed. j 

To understand the nature of the influencq' exerted by the 
coal during the combustion process it is necessary to con¬ 
sider briefly the behaviour of different coals when heated. 
During the temperature range 0—350 d^g. C. the coal 
evolves chiefly oxides of carbon and some water vapour. 
Of itself it undergoes no change of interest to the com¬ 
bustion engineer; such gases as are evolved are more of 
a hindrance than a help to the combustioh process. One 
typical semi-bituminous coal, taken purelyjat random and 
as an example, is recorded by Porter and Taylor as yielding 
at 350 deg. C., 0 *88 per cent, of water and 0.-33 per cent, of 
gas by weight, of which 40 per cent, by volume consisted of 
carbon dioxide. This preliminary distillation of the coal 
absorbs heat and occupies time. It yields in combustible 
gases little or nothing of equivalent value. It appears , 
therefore , to be incorrect practice to allow this stage to 
occur in the furnace. In point of fact, the ignition tem¬ 
perature of most coals lies below 250 deg. C., 11 ignition 
temperature ’ ’ being here defined as the | temperature at 
which the coal when heated in air begins to rise rapidly 
in temperature, thus indicating the near approach of vivid 
combustion. The first tentative conclusion'that arises from 
a preliminary survey is that the pulverised, coal should 
theoretically be heated to 350 deg. C. before being fed into 
the furnace. To effect this preheating j safely and eco¬ 
nomically would then be one of the problejns of the future. 
This conclusion will be further examined ilater. 

It is at temperatures above 350 deg. C.j that coals differ 
so greatly in properties one from another. These differ¬ 
ences depend on whether the coals are cokijng or non-coking. 
A coking coal begins to swell and passes through the state 
known as the plastic stage. This pastiness or plasticity is 
caused by the liquefaction of a portion of the coal which 
is then extruded on to the surface of the particle by gases 
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generated in tlie interior. When a very small particle of 
coal is rapidly heated the phenomena are different from 
those occurring when larger particles are carbonised in the 
coke oven or gas retort. The rapidity of the heating 
coupled with the smallness of the particle prevents the 
fluid material from being forced on to the surface; instead, 
it forms a uniform fluid distributed between a solid frame¬ 


work. The particle heats up so uniformly that there is 
little difference of temperature between the centre and the 
outer edge. Whatever is liquefiable, therefore, is liquefied 
almost simultaneously throughout the particle, and at the 
same time gas is evolved. The particle being plastic as a 
whole, is blown into a sphere or balloon, which if examined 
in a strong light is seen to consist of a solid opaque frame¬ 
work, the space between the frames being filled in by the 
fluid. As soon as the evolution of gas goes a step farther the 
balloon is burst, the exceedingly thin envelox>e—now con¬ 
sisting of | low temperature, highly combustible coke—is 
opened to attack by oxygen from both sides, and complete 
combustion results, probably before coke of the high-tem¬ 
perature class has formed. 


Non-coking coals do not yield this plastic stage followed 
by the balloon structure. Gases are distilled from the coal 
without changing its outer form, but leaving behind a net¬ 
work of minute pores, somewhat akin to the structure of 
charcoal, and possessing a highly-combustible property. 
For what reason is not definitely determined, but it is found 
that the particles of non-coking material burn more rapidly 
than the coking coal. Coals, as is well known, consist of 
four constituents—fusain, clarain, vitrain and durain. Of 
these, fusain, which is entirely non-coking, is highly com¬ 
bustible and is in a class to itself. Vitrain and clarain are 
both highly coking. Durain is hard and apparently un¬ 
promising material for rapid combustibility; it is virtually 
non-coking and, perhaps for this reason, actually burns 
faster than vitrain and clarain. In three coals examined 
by Godbert, the durain burnt faster than vitrain in each 
instance, but the ratio of the increased rate was not con¬ 
stant, being from 1 *2 to 1 *9. It appears, therefore, that it 
might be advantageous to use dusts from non-coking coals. 
On the other hand, these dusts are higher in inherent 
moisture, frequently containing as much as 13 per cent, of 
water as against 1 per cent, in the case of the coking coal. 
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This inherent moisture is physically adsorbed on the sur¬ 
face and does not interfere with the grinding, but it does 
affect the calorific value and the flame tempeijature. That 
is an additional reason for preheating the coql- 

The ease of combustion of durain is determined by the 
proportion of plant remains it contains. Fusain consists 
entirely of plant remains, while vitrain andi clarain con¬ 
tain but little of these bodies. Another conclusion there¬ 
fore follows from the foregoing observation^. Since the 
rate of combustion is greatly accelerated by| rise of tem¬ 
perature, and since the use of non-coking and; of preheated 
material should increase the rate of combustion, there 
arises the possibility of improving the boileij efficiency by 
mixing coals of poor coking quality with coding coals of 
high calorific value. It is important that, if mixing is 
adopted, it should be uniform, otherwise there;will be varia¬ 
tions in the furnace temperature and consequently in the 
efficiency and in the proportion of unburnt | carbon. Ex¬ 
periments performed at comparatively low temperatures, 
about 950 deg. C., indicate that an increase ih the combus¬ 
tion temperature of 250 deg. C. results in the period re¬ 
quired for complete combustion being reduced to one-third 
of its value. This increase in temperature obtainable by 
mixing suggests also that coal used for pulverised fuel 
firing should be examined microscopically, hnd that coals 
should be selected that are rich in plant remains. It may 
ultimately even be accepted that only such |coals and the 
non-coking coals will be selected for coal-dus,t firing. 

The combustion of a particle in the furnaceidepends upon 
two consecutively-acting factors. One of thjese is the ra¬ 
pidity with which the particles of coal are lijeated to their 
ignition temperature, and the other the raj:e with which 
oxygen can be brought into contact with the chrbon, residue 
remaining in the particles after the gases hav(e been largely 
distilled away. If cold air and cold coal are charged into 
the furnace, it is clear that an appreciable, but quite in¬ 
calculable, time will be occupied in raising the temperature 
to that of ignition. If, however, the air is preheated so 
that the particles of coal during the first fraction of a sec¬ 
ond of their travel in the furnace meet such conditions that 
their surface temperature is raised to 500 dqg. C. (to take 
an arbitrary figure), it is possible to calculate in a com¬ 
parative manner the effect of preheating the coal. It is 
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thus of interest to consider at what time after entering the 
furnace, the temperature in the interior of particles of 
various sizes reaches, say, 350 deg. C. The methods for 
doing this have been worked out by A. Schack (Stahl und 
Eisen, 1930, vol. 50, page 1290). To simplify the calcula¬ 
tion, the increase in the specific heat and thermal con¬ 
ductivity of the coal and coke with increasing temperature 
are neglected, an average figure being taken witholt in¬ 
fluencing the results greatly. The calculation shows that 
with an initial surface temperature of 500 deg. C. 
195 and with particles of various diameters the time 
taken for the interior to reach 350 deg. C. is as 
follows 

mm. mm. mm. 

Diameter of particle of coal. 1 '0 0 *25 0 *1 

Time, in seconds . 0*38 0*023 0*0038 

These times are calculated, it must be emphasized, on the 
assumption that the surface of the particles is suddenly 
heated to 500 deg. C. as the coal enters the furnace. In 
practice, a period, approximately constant in duration, 
must be allowed for any size of particle to attain a surface 
temperature of 500 deg. C.; when these two periods are 
added the effect of using preheated coal may be very much 
larger than appears likely from the foregoing calculations. 
Just how great the effect will be can only be determined ex¬ 
perimentally; the discussion here given, however, serves 
to illustrate that the practice, if it could be adopted, would 
be valuable in making possible the combustion of larger 
pieces of coal dust, though whether the preheating could be 
achieved at a lower cost than the finer grinding of coal now 
considered necessary, remains to be seen. 

There is also room for experimental wmrk upon the rate 
of combustion of coal when finely powdered. Formerly, it 
was believed that the time required for combustion was 
relatively very large and powdered fuel furnaces were 
made correspondingly vast in size—the term 4 * cathedral ’ ’ 
has been applied to them. A little development work, hovr- 
ever, reduced alike our conception of the period of com¬ 
bustion and the size considered necessarv for the combus- 

* 

tion chamber. The problem is that of bringing a very large 
volume of air into contact with a very small particle. The 
adoption of the turbulent flow principle has reduced the 
period of combustion considerably. There can be little 
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doubt that, at present, the time taken to burn jthe particle 
in the furnace is greater than the time taken ito raise the 
coal particle to the temperature of ignition; there is, how¬ 
ever, no definite proof that this is so, and until' the relative 
times are settled, the designer is working to jsome extent 
without adequate guidance. 

It is worth the while of designers, and of tho$e interested 
in the application of powdered coal, to take soijie trouble to 
investigate the many problems that remain before the maxi¬ 
mum efficiency is achieved, and moreover, it i^ worth their 
while to engage in scientific research upon all jhe problems 
involved, which are not confined to the design of the burn¬ 
ers and the pulverising plant. There is a distinct possi¬ 
bility that pulverised fuel will be the industrial heating 
agent of the future. Industrial heating agents must be (a) 
as cheap as possible, including in the term ‘f cheap,” the 
furnace efficiency and other factors whichj operate in 
making a fuel cheap in use, and ( b ) it must lj)e capable of 
being applied automatically so that labour ^nd the dis¬ 
turbances caused by hand operation shall be ajs inconspicu¬ 
ous as possible. While no one method of heating and no one 
heating agent can ever have universal applicability, there 
can be no doubt that powdered fuel has a Very definite 
future. For the conditions set forth above, powdered fuel 
is cheaper than its competitors. The present writer holds 
no brief for powdered fuel; he regards the subject purely 
from the standpoint of the independent fuel technologist. 
There are industrial centres in winch gas is dbtainable for 
industrial purposes at as low a price as 3%#. per therm; 
coal used for powdered fuel and having a calorific value of 
12,000 B.Th.U. per lb. may be taken as costing 205. a ton, 
while fuel oil, of a calorific value of 18,500 B.ft’h.U. per lb., 
with the recent tax upon it, cannot be much le|ss than 6 O 5 . a 
ton, even for large installations. On these figures, we have 
for the cost of 100,000 B.Th.U. (one therm): ! 


Oil 


Surplus coke-oven gas at 6d. per 1,000 
cub ft. 


Pencq. 

Relative 

cost. 

0 *9, 

100 

1-7S 

195 

3-5 

i 

390 

1-2 

133 
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When every allowance is made, the only one of these fuels 
that can compete on a cost basis with powdered coal is coke- 
oven gas when used at the coking plant, a supply not of 
general availability. This does not mean that today it 
would be a paying proposition for every user of fuel to 
change ov v er to powdered fuel. There is much work to be 
done before that change can reasonably be advocated. The 
argument shows, however, how wide a field is open to those 
who will conduct serious scientific research upon the prob¬ 
lems of powdered fuel. 
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UNITED STA TES PAT ENT OFFICE. 

GOTTLIEB STTTEB, OF BASEL, SWITZERLAND, ASSIGNOR TO THE FIRM OF SOCIETY OF CHEMICAL 

INDUSTRY IN BASLE, OF BASEL, SWITZERLAND. 

APPARATUS FOR DRYING AND GRINDING MATERIALS. 

932,727. Specification of Letters Patent. Patented Aug. 31,1909. 

Application filed May 17, 1907. Serial No. 374,297. 


To aU whom it may concern: 

Be it known that I, Gottlieb Sitter, a 
citizen of the Swiss Republic, and resident 
of Basel, Switzerland, have invented new 
5 and useful Improvements in Apparatus for 
Drying and Grinding Materials, of which 
the following is a full, clear, and exact speci¬ 
fication. 

This invention relates to apparatus for 
10 drying and grinding materials of any degree 
of moistness, ranging from a fluid to a solid 
mass, in a drum wnich contains grinding 
bodies of a known kind and into and from 
which the material is mechanically charged 
15 and automatically discharged respectively. 
The drum, which is open at both ends and 
has a jacket to receive a hot fluid for heating 
the drum, rotates in a casing kept vacuous 
and arranged for the mechanical charging 
20 and the automatic discharging of the mate¬ 
rial into and from the drum as well as for 
the exhaust of the steam or vapor from the 
drum in the direction opposite that wherein 
the material is traveling. 

25 The accompanying drawing illustrates the 
invention, Figure 1 being a longitudinal ver¬ 
tical section of the apparatus partly in eleva¬ 
tion and Fig. 2 a vertical cross section. 

The drum a is open at each end and is 
30 journaled and driven in known manner; it 
contains grinding bodies, which are not 
shown in tne drawing and has a steam jacket 
b whereby it may be heated. It rotates in 
a stationary casing c which is kept vacuous 
35 with due regard to exclusion of air and for 
unimpeded admission and discharge of the 
material to be dried. 

I The material is fed into the drum as may 

be necessary for instance, as here shown, by 
40 means of rollers d and a screw conveyer e, 
through the pipe f which extends airtight 
through the ena of the casing c; within the 
drum the material mixes with the heated 
grinding Ixxlies. 

4 5 At each end the drum has a sieve r, s , to 
prevent the grinding bodies from falling 
out. The sieve -v is formed of perforated 
sheet metal, free from perforations at the 
part near the periphery of the drum, so that 
50 in case the material should be fluid it can¬ 
not run out of the drum into the casing c. 

The grinding bodies are of suitable size 
and are made of iron, steel, bronze, stone or 
the like; they serve to convey the heat from 
Z 5 the wall of the drum to the material, to de¬ 


tach the material which sticks to the wall 
and to grind the material, the heat devel¬ 
oped by the friction aiding the drying op¬ 
eration. The material is gradually for¬ 
warded to the delivery opening g of the 60 
drum whence it is discharged in a dry and 
ground condition through the chute p into 
the collecting box h which is connected air¬ 
tight with the casing c. When this box is 
full it can be emptied by opening the.valve 65 
?*, which is controlled from outside, into a 
lower box j; during this operation the vacu¬ 
um In the drum is maintained by closing the 
chute p by means of the valve o, operated 
from outside the apparatus. The box h 70 
with the valves o and i thus plays the part 
of an air lock and is therefore provided 
with the hitherto usual air connecting ducts 
and intermediate valves, while the lower 
box j, the interior of which is at atmos- 75 
pheric pressure, serves merely for receiving 
the dried material, and has a valve k oper¬ 
ated from the outside so that it may fulfil 
the function of a discharge lock. When the 
valve i is closed and k opened, the dried ma- 80 
terial falls through a funnel l into a bucket 
or screw-conveyer m. 

The steam or other vapor is withdrawn 
from the drum through the exhaust pipe n, gt . 
so that it travels in the direction opposite 
that in which the material travels; between 
the casing and the vacuum pump which ef¬ 
fects the exhaustion there may be a surface 
condenser. Should the vapor be valuable it 90 
may be recovered by condensation either in 
the said condenser or in an apparatus placed 
behind the vacuum pump. 

In the arrangement shown for heating 
the drum the steam is conducted to the me- 95 
dium of the jacket b by pipes v, w, x , x , of 
which w , x and x rotate with the drum 0 , 
the condensation water draining away 
through an enlargement y of the jacket, 
pipes 3 , z and q, box t and pipe u; the pipes 100 
3 , z and q rotate with the arum. 

The material may be fed into the drum a 
either continuously or intermittently 7 . For 
the feeding device illustrated a piston press 
or any other suitable apparatus may be sub- 105 
stituted. 

What I claim is: 

1. In an apparatus for drying and grind¬ 
ing materials of any degree of moistness, 
having a rotatable drum open at both ends, 110 



grinding bodies in said drum, means for 
mechanically charging said drum with the 
material, means for discharging the material 
from the drum by its rotation m connection 
5 with the said mechanical charging means, 
the combination of the said drum with a 
heating jacket to receive a hot fluid, a casing 
surrounding said heating jacket and drum, 
and means for maintaining a partial vacu- 
10 um in said casing and exhausting the steam 
or vapor from said drum, said charging 
means and said exhausting means being con¬ 
nected to the casing near the one end of the 
drum and said discharging means being con- 
15 nected to said casing near the other end of 
the drum. 

2. In an apparatus for drying and grind¬ 
ing materials of any degree of moistness, 
having a rotatable drum open at both ends, 
20 grinding bodies in said arum, means for 
mechanically charging said drum with the 


material, means for discharging the material 
from the drum by the rotation of this latter 
in connection with the said mechanical 
charging means, the combination of said 25 
drum with a heating jacket to receive a hot 
fluid, a casing surrounding said heating 
jacket and drum, and means for maintaining 
a partial vacuum in said casing and exhaust¬ 
ing the steam or vapor from said drum, said 30 
charging means and said exhausting means 
being connected to the casing near the one 
end of the drum and said discharging means 
being connected to said casing near the other 
end of the drum and provided with a sieve. 35 
In witness whereof I have hereunto signed 
my name this 24 day of April 1907, in the 
presence of two subscribing witnesses. 

GOTTLIEB SUTER. 

Witnesses: 

Geo. Gifford, 

Amand Braun. 
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THOMAS RIGBY, OF DUMFRIES, SCOTLAND, ASSIGNOR OF ONE-HALF TO NILS TESTRUP, 
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TREATMENT OF LIGNITE AND THE LIKE. 


1,219,155. Specification of Letters Patent. Patented Mar. 13, 1917. 

Application filed January 11,1913. Serial No. 741,583. 
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To all whom it may concern: 

Be it known that I, Thomas Rigby, a sub¬ 
ject of the King of Great Britain and Ire¬ 
land, and residing at 61 Lorebum street, 
5 Dumfries, Scotland, have invented certain 
new and useful Improvements in and Relat¬ 
ing to the Treatment of Lignite and the like, 
of which'the following is a specification. 

This invention relates to the treatment of 
10 lignite and the like and has for its object to 
provide an improved method for the treat¬ 
ment thereof applicable more particularly in 
the drying of the same preparatory to con¬ 
version into briquet fuel. In the conversion 
15 of lignite into briquet fuel it is customary to 
supply the same to Schulze or other driers 
and to dry the same down to a relatively 
small water content after which it is sup¬ 
plied to the briqueting presses. 

20 The present invention consists broadly in 
effecting removal of moisture from lignite 
-or the like by pulverizing the material and 
introducing it into a stream of hot products 
of combustion by which it is dried to a cer- * 
25 tain extent and conveyed to the desired lo¬ 
cality such as to Schulze driers in which the 
material is then further dried. 

The accompanying diagrammatic draw¬ 
ings show two forms of apparatus by which 
30 the invention may be carried into effect. 

In Figure 1, t is a conveyer band conduct- 
' ing moist lignite to a disintegrator b from 
which the material passes into a mill c, 
through a shaking sieve d and into a dis- 
Z ~ tributing device e by which the powdered 
material is introduced in regular quantities 
into a rapidly flowing stream of hot waste 
products of combustion passing through the 
flue f from the boiler furnace a of the in¬ 
stallation of which the briqueting plant 
forms part. The material is carried with 
this stream of gases, passes the fan g and 
enters the vertical flue h the valve u of which 
is under these circumstances closed. The 
gases and suspended powder pass by the side 
branch flue to a set of cyclone separating de¬ 
vices 7, the separated powder entering the 
hopper k of a steam heated Schulze drier l 
comprising a rotating shell occupying an in¬ 
clined position and containing a number of 
tubes through which the material gradu¬ 
ally passes from one end to the other during 
the rotation of the apparatus while it is 


heated by steam admitted to the space be¬ 
tween the tubes and the casing and the gases 55 
then passing by the flue m, provided with 
the branch n, to the exit end of the Schulze 
drier where the more completely dried pow¬ 
der is once more and after passing through 
a double clapper device (not shown) by a 60 
distributing device v introduced into the 
stream of gases and carried thereby through 
the duct s to the second series of separators 
o above the bunker p which is in connection 
with the briqueting press w. The gases now 65 
leave by the duct q and together with the 
exit gases from the drier enter the tower r 
wherein the gases are scrubbed to recover the 
residual dust not separated by^the cyclones. 

It is to be understood that in order to ob- 70 
tain flue gases at a suitable temperature it is 
necessary to burn an excess of fuel in the 
furnace a but this is beneficial as increasing 
the heat transmission and therefore evapo¬ 
rative capacity without corresponding heat 75 
loss in the system. A small quantity of the 
gases in the flue m, jvhich still contain say 
4% of dust and are under pressure, is passed 
through the pipe n to replace the air usually 
passed through the driers. 80 

As the hottest gases meet, at the distribu¬ 
ter 0, the wettest material and contain, as 
has been observed, an insufficient amount of 
oxygen with relation to inert gases (C0 2 for 
instance) to support combustion and as the 85 
preferred temperature for the gases in the 
duct m which are to meet the driest dust is 
about 75° C. (above the dew point) and the 
gases contain a substantial amount of mois¬ 
ture it will be seen that the atmosphere in 90 
contact with the material throughout is such 
as to insure safety from ignition or explo- 
sion. 

In practice it has been observed that if the 
temperature of the gases in the duct be main- 95 
tained at above dew point and if their veloc¬ 
ity exceed about 50 feet per second there is 
no tendency to stoppage in the ducts. It is 
preferable to keep up a very slight pressure 
in the duct. 100 

| If it is desired to avoid conveying the 
dried dust in a current of gases as above 
described, the above installation may be 
modified as shown in Fig. 2, the installation 
shown in this figure differing only from 105 
that already shown in that a screw conveyer 
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x in a closed duct replaces the duct 8 and 
separators o , the duct m being in this case di¬ 
rectly connected to the scrubbing tower r. 
In this case the gases entering r from m tend 
5 to pass downward and fill all the spaces with 
inert gases but special provision may be eas¬ 
ily made for passing inert gases into the con¬ 
veyer and avoiding any possibility of igni¬ 
tion. j 

10 The drying effected by the flue gases can 
be varied by varying the length of the duct 
between the point of introduction and sepa¬ 
ration of the powder. J 

Where the drying gases are, as described 
15 above, obtained from a boiler furnace or 
from some other source from which the tem¬ 
perature may vary considerably the effect of 
such variations may be reduced by provid¬ 
ing in the flue or duct / a mass of iron so that 
20 it may take up a considerable quantity of 
heat and act as thermal storage. Although 
other material than iron, such as brickwork, 
can be employed the former is preferable as 
more rapid in taking up and giving out 
25 heat. 

By adopting the method above described 
economy of fuel and plant is effected while 
the direct contact of the drying medium and 
the material to be dried favors in that step 
30 rapid and efficient heat transmission. The 
fact that by such a process the dust reaching 
the drier can be caused to contain 40% or 
less of moisture ass against a water content of 
55% or thereabout according to present prac- 
35 tice, insures as stated a material saving in 
steam consumption and allows of reducing 
if desired, the size of the plant (driers ana 
boilers), or on the other hand, of increasing 
its output and, again, allows of reducing the 
40 cost of new installations. 

Having now described my invention, what 


I claim as new and desire to secure by Let¬ 
ters Patent is:— . 

• 1. A method of drying inflammable solids 
such as lignite consisting in pulverizing the 45 
solid and then causing the resulting powder 
to be suspended in waste products of com¬ 
bustion until dried to the desired extent. 

2. A method of drying lignite consisting 

in reducing the lignite to a homogeneous 50 
powder and causing the powder to float in a 
rapidily flowing current of hot flue gases un¬ 
til dried to the desired extent. 

3. In drying finely divided materials by 
causing the latter to float in a hot gaseous 55 
medium, the method of drying powdered 
lignite consisting in dispersing it in a cur¬ 
rent of hot flue gases moving at a velocity of 
about 50 feet per second or. over until dried 

to the desired extent. 60 

4. A method of drying lignite consisting 
in reducing the lignite to a homogeneous 
powder, causing said powder to float in a 
current of hot products of combustion, sepa¬ 
rating the powder from said products and 65 
further drying the powder out of the con¬ 
tact with a drying medium. 

5. A method of drying lignite consisting 

in reducing the lignite to a homogeneous 
powder, causing said powder to float in a 70 
current of hot products of combustion, sepa¬ 
rating the powder from said products and 
utilizing the separated products of combus¬ 
tion to convey dried powder to be consoli¬ 
dated. 7 5 

In testimony whereof I have signed my 
name to this specification in the presence of 
two subscribing witnesses. 

THOMAS KIGBY. 

Witnesses: 

Putnam H. Matthews, 

James Henderson. 
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UNITED STATES PATENT OFFICE. 

ARTHUR CUMMING MICHIE, OF NEWCASTLE-UPON-TYNE, AND EDMUND GEORGE 
WEEKS, OF NORTHUMB ER LA N D, ENGLAND, ASSIGNORS TO CHARLES HESTER- 
MAN MERZ AND WILLIAM McLELLAN, BOTH OF WESTMINSTER, LONDON, ENG¬ 
LAND. 

LOW-TEMPERATURE DISTILLATION. 


1,423,134. Specification of Letters Patent. Patented July 18, 1922. 


Application filed November 

To all whom- it way concern : 

Be it known that we, Arthur Gumming 
-Miciiie and Edmund George Weeks, both 
subjects of the King of England, residing. 

5 respectively, at Jesmond, Xewcastle-upon- 
Tyne. England, and Monkseaton, Northum¬ 
berland, England, have invented certain 
new and useful Improvements in Low-Tem¬ 
perature Distillation, of which the follow- 
10 ing is a specification. 

This invention is for improvements in or 
relating to low-temperature distillation of 
fuel, and has for its object to provide a 
process whereby such distillation can be 
15 carried out more efficiently than has hereto¬ 
fore been possible while securing the ad¬ 
vantages of continuous working both as to 
fuel feed and distillation. 

The process to which this invention re- 
20 lates is that in which fuel, for example coal, 
is distilled by passing superheated steam or 
other hot gases through the fuel, the tem¬ 
perature of these gases being comparatively 
low. say, for example, 500° C. In carry- 
25 ing out such a process continuously it is 
necessary to feed the retort with successive 
charges of fresh fuel while distillation is 
taking place, and in all such cases it has 
been found in practice that a binding to- 
• 30 gether of the fuel occurs which prevents 
the proper passage of the gases through 
the fuel, and the retort tends to become 
blocked up. 

The present inventors have found by ex- 
35 periment that this sticking is due to the 
condensation of a portion of the products of 
distillation on the surface of the cold fuel, 
whiclji produces a semi-plastic “pudding¬ 
like” mass, and that by taking suitable pre- 
40 cautions to prevent the contact of distil¬ 
lation products with fuel at a temperature 
below the temperature of condensation of 
the distillate, this action can be prevented 
and the yield of oils increased. 

45 According to the present invention, in 
t-hfe process for the continuous low-temper¬ 
ature distillation of fuel by the passage of 
superheated steam or hot gases through it 
(without external heat) wherein during the 
50 process of distillation fresh charges of fuel 
are admitted into the retort, -there is pro¬ 
vided means for heating each charge of in¬ 
coming fuel, before it is fed to the retort, 
to a temperature above the temperature of 
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condensation of the distillate but not high 55 
enough to cause any appreciable decompo¬ 
sition of the fuel. The fuel is heated prior 
to its entering the retort, by waste steam 
or other heat-containing gases which are at 
such a temperature as to be incapable of 30 
raising the fuel to such a temperature as 
would cause any appreciable decomposition. 
Thus the apparatus is provided with a pre¬ 
heating chamber in which the coal or other 
fuel is heated by steam, hot producer-gas, 65 
or hot waste gases, such as boiler-flue gases, 
being passed through it, the temperature of 
such gases being high enough to raise the 
temperature of the fuel sufficiently to pre¬ 
vent the condensation of the oils in the re- 70 
tort when the said fuel is fed from the pre¬ 
heating chamber into the retort. It will 
be appreciated that this preheating may be 
effected by gases whose heat has hitherto 
been lost, and thus the efficiency of the whole 75 
plant is increased and a larger delivery of 
oils from a given quantity of fuel is effected. 

It is known that in low-temperature dis¬ 
tillation processes of the present type, 
which are generally conducted at tempera- 80 
tures ranging from approximately 400-600° 

C., the temperatures at which the products 
of distillation would condense are in the 
majority of cases, somewhere in the region 
below 150° C., although the temperature of 85 
condensation will vary somewhat, as is well- 
known, according to the type of fuel under¬ 
going treatment. Broadly speaking, there¬ 
fore, the temperature to which preheating 
is to be carried should be approximately 90 
150° C., or above and generally should not 
exceed 250° C. 

Those skilled in the art of low-tempera¬ 
ture distillation will thoroughly appreci¬ 
ate that the temperatures above referred to 95 
are approximate, but are close to the actual 
temperature which will have to be practised 
with, for example, medium grades of slack 
coal and for practical purposes if” the pre¬ 
heating temperature be in the region of 100 
from 150° C. to 250° C. the objects of the 
present invention will be attained. .. 

Hitherto many proposals have been made 
for the preheating of fuel to be fed to re¬ 
torts. Thus it has frequently been sug- 105 
gested to preheat fuel before it is fed to 
high-temperature distillation retorts, but the 
present invention, however, deals only with 
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a specific difficulty which arises in connec¬ 
tion with low-temperature distillation by 
passing hot gases through the fuel—a diffi¬ 
culty which does not arise in high-tempera- 
5 ture distillation, and this invention does not 
include any high - temperature distillation 
system. 

" The invention will be more clearly under¬ 
stood from the following description taken 
10 in connection with the accompanying draw¬ 
ing which illustrates, partly in section, one 
form of apparatus for carrying the inven¬ 
tion into effect:— 

The upper end only of retort A is illus- 
15 trated, and constructed conveniently in re¬ 
lation to the retort is a preheater, desig¬ 
nated as a whole by the reference letter B. 
The preheater may be of any convenient 
construction, and preferably comprises an 
20 outer casing in which is an endless band C 
mounted on rollers C 1 . At one end of the 
upper surface of the band, and projecting 
through the casing B is a hopper B 1 which 
supplies, coal to the surface of the band, 
25 and by which it is carried in the direction 
of the arrow towards an outlet C 3 from 
which it is discharged on to the feeding 
cone of the retort A. The preheater is 
heated with gases which may be steam or 
30 waste furnace or other hot gases which en¬ 
ter the casing B through the port B 2 and 
are removed therefrom through a port B 3 . 

Thus the fuel in its passage through the 
preheater B becomes heated to a tempera- 
35 ture which prevents the condensation on 
it of the products of distillation which 
it meets on entering the retort A, the 


said products being conveniently removed 
through a duct A 1 in connection with any 
convenient form of extractor apparatus lo- 40 
cated outside the retort. 

What we claim as our invention and de¬ 
sire to secure by Letters Patent is:— 

1. The process of continuously distilling 
fuel, which consists in passing a heating me- 45 
dium through a body of such fuel, provid¬ 
ing fresh charges of fuel separate from the 
said body of fuel, heating said charges to 

a temperature afiove the temperature of 
condensation of the distillate but below a 50 
temperature that will effect appreciable de¬ 
composition of the fuel, and delivering the 
said charges while so heated to the body of 
fuel that is subjected to the heating medium. 

2. The process of continuously distilling 55 
fuel which consists in passing a heating me¬ 
dium through a body of said fuel, provid¬ 
ing fresh charges of fuel separate from the 
said body of fuel, passing a heating me¬ 
dium through the charges and raising the 60 
temperature thereof above the temperature 

of condensation of the distillate but below 
a temperature that will effect appreciable 
decomposition of the fuel, and delivering 
the said charges while so heated to the body 65 
of fuel. 

In testimony whereof we have signed our 
names to this specification in the presence 
of two subscribing witnesses. 

ARTHUR GUMMING MICHIE. 
EDMUND GEORGE WEEKS. 
Witnesses: 

J. W. Mono, 

Evelyn Urquhart. 
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Patented Dec. 2, 1924. 1 * 517*755 

UNITED STATES PATENT OFFICE* 

THOMAS RIGBY, OF LONDON, ENGLAND. 

METHOD OF DRYING SOLID COMBUSTIBLE MATERIAL. 

Application filed August 22, 1921. Serial No. 494,264. 

(GRANTED UNDER THE PROVISIONS OF THE ACT OE MARCH 3, 1921, 41 STAT. L., 131S.) 


To all whom it may concern: 

Be it known that I, Thomas Bigby, sub¬ 
ject of the King of England, residing at 
London, England, have invented certain new 
5 and useful Improvements in Methods of 
Drying Solid Combustible Material (for 
which I have filed application in Great Brit¬ 
ain, No. 18,920, filed 20th August, 1913, ac¬ 
cepted 20th August, 1914, patent sealed 5th 
10 November, 1924; and in Germany, No. 
324,079, filed 25th October, 1913), of which 
the following is a specification. 

This invention relates to the drying of 
solid combustible material (and especially of 
15 fuels such as peat or lignite) as by suspend¬ 
ing the same in a comminuted condition in a 
current of hot gases such as combustion 
gases. 

In drying such material by suspending it 
20 in a current of hot gases, I have observed 
that variability in the temperature of the 
gases, of the water content of the raw ma¬ 
terial, etc., are so liable to upset the balance 
in any predetermined set of drying condi- 
25 tions, and to result on the one hand in ir¬ 
regularly dried material, or on the other 
hand, in unnecessary loss of heat, and gen¬ 
erally speaking in inefficiency, that despite 
various proposals for attaining a predeter- 
30 mined result by choice of appropriate length 
of the drying duct and use of heat storage 
elements or to control the drying by regula- • 
tion of the gas speed or temperature (in¬ 
cluding addition of hot gases from an aux- 
35 iliary source or addition of cooled exit 
gases) and of the feed of moist material, 
such variability still markedly influences 
the results. 

According to the present invention, how- 
40 ever, I provide a method of practically over¬ 
coming these remaining difficulties, which is 
based upon certain observations made by me. 
I have ascertained that the harmful varia¬ 
tions above referred to are most markedly 
45 reflected in variation of temperature of the 
gases at the end of the drying operation, 
and that if the latter temperature be main¬ 
tained between the limits of 75° C. and 150° 
C. imperfect and uneconomical working is 
50 avoided. 

One featuer of the present invention con¬ 
sists, therefore, in maintaining the tempera¬ 
ture of the outflowing gases between these 


limits, and while this can be effected in a 
variety of ways having regard to the differ- 55 
cnt controllable elements above referred to 
which play a partin this stage of the process 
and including the state of division of the 
raw material, the control is most conven¬ 
iently effected by varying the rate of intro- 60 
Auction, of the moist material into the gas 
current, or by bye-passing some of the gas, 
or adding to the gas stream cooled gases 
which have already done their work. 

Figures 1 and 2 indicate diagrammatically 65 
a lignite fuel briquetting plant, in which the 
method according to the invention may be 
put into practice. 

In these drawings, which will be used in- 
explaining an example of the invention in 70 
which the regulation of the outlet tempera¬ 
ture is effected by variation of the lignite 
feed, a represents a distintegrator, which re¬ 
duces the lignite to a fine powder, which is 
then passed to a bunker b. The bucket 75 
wheel c , driven by variable gear d then takes 
the material and introduces it into an up¬ 
right duct e : projecting it into the main dry¬ 
ing duct /. The resistance to gas flow in the 
duct e , on account of the appropriately se- so 
lected length and diameter, is such that the 
amount of air entering with the powder does 
not appreciably increase the percentage of 
oxygen in the drying gases from the boiler 
or other furnace p. At A is a fan which 85 
causes the necessary gas flow through the 
duct; while i represents a battery of cyclone 
dust separators, discharging into the lignite 
bunker y, situated over the briquetting press 
k. The chimney l constitutes the gas out- 90 
let, and is provided with washers m for 
catching last traces of dust. The whole of 
the duct, as well as its auxiliaries, is con¬ 
structed of such strength that in the unlikely - • 
event of an explosion, the system itself 95 
escapes damage, and the excess pressure is 
rapidly dissipated from the chimney l. 

To deal with any local fires of deposited 
powder which may succeed such an explo¬ 
sion, nozzles n, n 1 are provided, which may 100 
be opened upon the occurrence of an undue 
rise of temperature to admit water or steam, 
although the extinction of a fire may be 
equally effected by the introduction of an 
excess of the wet lignite. In normal work- 105 
ing, it is desirable, before a temporary shut- 
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down, to introduce steam into the duct when 
the feed of raw material is cut off, so that 
a cushion of steam is interposed between 
the last dried portions, and any air which 
5 may enter the duct inadvertently in place 
of the flue gases. ... 

The regulation of the drying is in this 
case effected by varying the rate of revolu¬ 
tion of the feed wheel c to maintain the 
10 -temperature at o (at the cyclone outlet) 
within the limits desired. 

The following are examples of drying 
conditions which experience has shown ap¬ 
propriate in one particular case 
If Percentage of water in the lignite, 55% 
by weight. # 1 

Percentage of water in the dried lignite, 
12% by weight. 

Average size of particles of the powdered 
20 lignite, 1 millimetre. 

Average temperature of the flue gases at 
point of entry of the material, 250° centi¬ 
grade. 

Length of duct between lignite entry ahd 
15 outlet, 40 metres. 

Diameter of duct, 190 centimetres. 

Velocity of gas current, 15 metres per 
second. 

Approximate time of contact of the pow- 
83 der and the hot gases, 2.6 seconds. 

By the method according to the present 
invention, it will be understood, the whble 
of the lignite can be dried down to briquet¬ 
ting condition, or it may only be partly 
35 dried, the remainder of the water being 
expelled in the customary manner. On the 
other hand, a portion only of the material 
to be briquetted may be fully dried in the 
improved way, and the remainder, where 
40 for example, requirements of form or of 
-size in the dry product impose special con¬ 
ditions, may be wholly or partly dealt v^ith 
in Schulze or other driers, and their sep¬ 
arate products afterwards reunited for 
45 briquetting. ' 

What I claim as my invention and de¬ 
sire to secure by Letters Patent is:— 

1. The method of drying solid combus¬ 
tible material. which comprises dispersing 
SO the material in a comminuted condition in 
a current of hot gas, causing the material 
to be deposited from the gas current after 
. a period of suspension therein sufficient to 
effect the desired degree of drying and 
CJ maintaining, during the drying, a substan¬ 
tially steady temperature of the gas at the 
point where the dried material is deposited 


from the current by variation of the rate 
of dispersal of the material into the cur¬ 
rent in the comminuted - condition afore- 60 
said. 

2. The method of drying solid fuel such as 

peat or lignite which comprises conveying 
the same in and by a hot gas current which 
carries away the moisture, withdrawing the 65 
dried material from this gaseous current and 
limiting the temperature of the gas in con¬ 
tact with the dried material at the conclusion , 
of the conveving aforesaid to between about 
75° and 150° C. 70 

3. The method of continuously drying lig¬ 
nite which consists in continuously dispers¬ 
ing the moist material in a pulverized con¬ 
dition in a current of hot combustion gases, 
^maintaining it in suspension in and by said 75 
'current until dried to the desired extent, 
continuously depositing the product from 
the gas current and regulating one or more 
of the variables, such as the rate of feed 
of the moist material, in accordance with 80 
the temperature of the current where the 
dried material leaves it to maintain this 
temperature between about 75° and 150° C. 

4. The method of drying solid combus¬ 
tible material which comprises dispersing 85 
the material in a comminuted condition in 

a current of hot gas, causing the material 
to be deposited from the gas current after 
a period of suspension therein sufficient to 
effect the desired degree of drying and #0 • 
maintaining during the drying the temper¬ 
ature of the gas between about 75 and 
150° C. at the point where the dried mate¬ 
rial is deposited from the current by varia¬ 
tion of the rate of dispersal of the mate- 95 
rial into the current in the comminuted con¬ 
dition aforesaid. 

5. The method of drying solid fuel which 
comprises conveying the same in and by a 
current of hot combustion gases which car- 100 
ries away the moisture, withdrawing the 
dried material from this gaseous current 
and limiting the temperature of the gas 

in contact with the dried material at the 
conclusion of the conveying aforesaid to be- 105 
tween about 75° and 150° C. 

In testimony whereof I have signed my 
name to this specification in the presence 
of two subscribing witnesses. 

THOMAS RIGBY. 

Witnesses: 

J. D. Bond. 

F. H. You»«/ 


Aug. 3,1926. 
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Patented Ang. 3, 1926. 1,594,994 

UNITED STATES PATENT OFFICE. 

WILLIAM ARTHUR BONE, OP LONDON, ENGLAND. 

TREATMENT OP CERTAIN PUELS TO IMPROVE THEIR CALOREFIC VALUE. 
Application filed July 5, 1919, Serial No. 308,812, and in Great Britain Jnly 30, 1918. 


I have discovered that when brown coals 
and lignites, which have been completely 1 
freed from mechanically held water by dry¬ 
ing them at temperatures below 110° 0., are 
5 heated to higher temperatures which are 
below that at which destructive distillation 
begins, they undergo a chemical change that 
begins to be important at temperatures be¬ 
tween 250° C. and 400° C. This change is 
10 characterized by evolution of water and car¬ 
bon dioxide, together with a small quantity 
of carbon monoxide, as substantially the 
only fluid products; that is to say, the 
change has nothing whatever in common 
15 with what would ordinarily be termed de¬ 
structive distillation, inasmuch as it is un¬ 
accompanied by any evolution of hydrogen, 


methane or condensable hydrocarbon va¬ 
pours. Moreover, unlike a destructive distil¬ 
lation, it does not involve any break-down 20 
or disruption of the cyclic complex of car¬ 
bon rings with side chains, which undoubt¬ 
edly constitutes the main part of the coal 
substance. The ratio C0 2 :H 2 0 in the gases 
evolved when the dried lignite or brown coal 25 
is heated at the aforesaid temperature is 
usually approximately 1 1 mol. : 2 mols. 
This indicates that the change consists in 
an internal condensation of the cyclic com¬ 
plexes of which the coal substance is now *0 
generally admitted to consist. The char¬ 
acter of such condensation may be symbol¬ 
ized as follows:— 



_/\ 


( 6 ) 


y\ /v 


-l J— C-COOH + HOOC—C— l /- -4 L(>-c_c-J J— 

n/v TV VTuv 


+ H|0+COi,etc. 


85 The technically important result of this furnaces, gas retort settings or the like, 
chemical change is that it is accompanied Such gases are applicable, provided that 
by a valuable increase in the calorific value they are chemically inert, or substantially 
of the fuel. : so, towards the material at the said tempera- 65 

My invention is based on the foregoing ture, or that their content of reactive oxygen 
40 discovery and consists in heating brown coal is low enough to avoid exothermic oxiaa- 
or lignite at temperatures between 250°— tion sufficiently vigorous to raise the temper- 
400 0 C. until evolution of gases and water ature of the material above the desired limit, 
vapours ceases, for the purpose of enhanc- For this reason air alone is seldom appli- 70 
ing the calorific value of the material. cable when the process is conducted as a 
45 Since the temperature in question does single operation. Sometimes, however, it is 
not exceed 400° C. and in the case of some profitable first to expose the material to 
lignites is not above 375° C., the operation heated air at a temperature below that at 
or operations necessary for raising the grade which exothermic oxidation becomes vigor- 75 
of such fuels according to this invention is ous, and then to substitute heated ^as or 
50 or are of comparatively low cost. The ma- vapour sufficiently free fro 111 constituents 
terial may be treated in externally heated which can react with the material at the 
retorts or chambers by any known continu- higher temperature to which it is heated. 

ous or intermittent procedure; but inas- In any case the operation of heating the ma- 80 

much as the vapours and gases expelled or terial by hot gases or vapours may be on the 
55 produced by the heating are of comparative- counter-current principle, and whatever the 
ly little value, it is economical to use inter- mode of heating it may be conducted m more 
nal heating, that is to say, to pass hot va- than one staged 

pours or gases through the retort or chamber The invention may be illustrated by ref- 85 
containing the material, particularly as the erence to the effect of the process on the 
50 temperature required is generally below that Morwell brown coal from _ Victoria, Aus- 
of flue gases or like waste gases from boiler tralia. This material contains 48 per cent 
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of wafer arid 52 per cent of coal substance 
(mcTiiding ash 4 per "Cent). Its calorific 
value is only 5853 B. t. u. per lb. When 
heated at 105° C. it loses the aforesaid water 
5 and then has a calorific value 10,060 B.t.u. 
per lb. 

On continuing to heat the dried material 
so as to raise its temperature gradually 
above 105° C. certain chemical changes occur 
10 in the coal substance at temperatures be¬ 
tween 250° C. and 375° C. whereby more 
'water is expelled together with a small 
quaritity of non-inflammable gas composed 
chiefly of carbon dioxide. Oil first appears 
15 as a product of the heating when the tem- 
' perature is about 3S0° C. 

Hence the preferable mode of applying 
the present process to this brown coal con¬ 
sists in heating the coal at a temperature - 
20 about 375° C. until elimination of water 
aiid gases at that temperature has substan¬ 
tially 'ceased. In this manner 100 parts by 
weight of the coal dried at 105° C. yield 
88 parts of a coal the calorific value of which 
25 is 11,460 B. t. u. per lb. 

From the foregoing data it may be cal¬ 
culated that 100 parts by weight of the raw 
coal, 52 parts of the dried coal and 45.75 
parts of the treated coal have the same heat- 
30 ing value. It follows that the potential 
energy of the raw coal can be concentrated 
by this process before transport. 

As already, stated'the heating operation 
may be conducted in any suitable manner, 
3o but preferably by- passing hob products of 
combustion through a column or layer of 
the fuel, whether vertical, horizontal or in¬ 
clined. I have found that boiler flue gases 
_ having a teriiperature of 400° C. and con- 
40 taining 10-12.5 per cent, of C0 2 , when 
. passed over the raw coal in question, con¬ 
tain sufficient heat to drv the fuel and to 
raise its temperature to" 375° C. without 
..any danger of exothermic oxidation suffi- 
45- ciently vigorous to raise the temperature of 

• the material higher than this; that is to say 
without danger of ignition of the coal. This 
is also true if the gases passed over the 
coal which has been dried (at 105°) as a 

50 separate operation, but not, in any case, if 
, the content of C0 2 in the gases falls much 
, below 10 per cent. Since, in a properly 
fired boiler (which may consume the coal in 
question after it has been treated by the 
55 process) it is easy to obtain flue gases con¬ 
taining 10 per cent of CO, and to let down 

• the temperature of these gases (if neces¬ 
sary) by means of an economizer, or other- 
wri se, to 400° C., the process becomes a valu- 

60 able adjunct to a power station consuming 
the coal. 

Apparatus for heating such fuels in this 
. manner will readily be designed by the 
chemieal .engineer. 

65 A‘suitable apparatus for this purpose is 


shown in the accompanying’ drawing which 
represents a vertical -section through the 
furnace chamber a of a water-tube boiler 
having a well known mechanical stoker b. 

As usual, the furnace gases pass from the 70 
chamber .# to the chimney through a port 
h , controlled by a suitable damper, and 
thence through-an uptakes. -In this uptake 
is contained a chute d down which brown 
coal is fed to the stoker b. 75 

This chute, together • with a baffle'far- 
ranged in the uptake, divides the uptake 
into an upper and lower compartment. The 
chiiite is continued outside the uptake by an 
upper extension e and a lower extension /. 80 

That part of the chute which is within 
the uptake is constructed of bars d' which 
preferablv extend transversely of the up¬ 
take so that the gases can pass-freely be¬ 
tween said bars. 85 

The brown coal passes from the chute d 
into- the hopper g of the mechanical stoker, 
at substantially the same 1 rate at which the 
stoker feeds the fuel to the - furnace. Thus 
the chute d constitutes a partition 1 in the 90 
uptake through which the furnace gases, 
or a portion thereof, which enter the up¬ 
take through the port h must pass twice 
on their way to the chimney, the baffle i 
compelling this course. 95 

For the better regulation of the tempera¬ 
ture to which the brown coal is heated, there 
is- a second damper-controlled port k for 
passage of furnace gases iinto the uptake, 
above the baffle so that iany desired pro- 100 
portion of the gases, determined by con¬ 
trolling the dampers in the ports h and k , 
may pass to the chimney without passing 
through the chute. 

What has been said with reference to!the 105 
Morwell brown coal applies to other fuels of 
the kind here in question, it being under¬ 
stood that the composition, calorific values 
and temperature of heating vary with each 
particular fuel. For instance, certain 110 
Italian lignites (containing 21.5 per cent, 
of water) when dried at 105° C. and heated, 
first yield oils at 310-320° C. and when 
heated at 300° C. give 88 parts by weight 
of concentrated fuel per 100 parts of dry 115 
fuel; the calorific value of this concentrated 
fuel is 9698 B. t. u.-per lb. as compared with 
8278 B.t.u. per lb. for the dried fuel. 

Having thus described the nature of the 
said invention and the best means I know of 120 
carrying the same into, practical effect, I 
claim:— 

1. A process whereby the calorific value 
of brown coals or lignites may be increased, 
which consists in relatively moving in con- 125 
tact with each other the coal or lignites and 
flue gases having a temperature between 
250° C.,and 400° C., until evolution of 
gases and water vapour from the material 
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2. A process whereby the calorific value 
of brown coals or lignites may be increased 
which consists in relatively moving in con¬ 
tact with each other the coal or lignites 
• and flue gases containing not less than 10 
per cent, of carbon dioxide and having a 
temperature between 250° C. and 400° C. 
until evolution of gases and water vapour 
from the material ceases. 

10 3. A process whereby the calorific value 

of brown coals or lignites may be increased, 
which consists in relatively moving in con¬ 
tact with each other the lignite or coal and 
the flue gases ^formed by combustion of said 
10 lignite or coal, the carbon dioxide content 
of which flue gases is not below 10 percent, 
and at a temperature not exceeding 400° C. 


until water vapor and gases cease to evolve 
from the coal or lignite. 

4. A process for increasing the calorific 20 
value of brown coals or lignites by causing 
the evolution of water vapor and carbon 
dioxide substantially free from hydrocar¬ 
bons and uncombined hydrogen, which con¬ 
sists in heating the material at such a rate 25 
and at a temperature not substantially in 
excess of 400° C. that such evolution takes 
place, and continuing the heating of the ma¬ 
terial at a temperature not substantially 
above 400° C. until such evolution ceases. 30 
In testimony whereof I have signed my 
name to this specification. 

WILLIAM ARTHUR BONE. 
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213 Opinion. 

Filed Mar. 10, 1934. j 

• • # * * * i * 

i 

I agree with the Patent Office that the applicant’s claims 
should be rejected for failure to comply with K. S. § 4888, 
and also upon the Bone patent and the othef* references 
cited by the Patent Office. j 

BAILEY, J. 

Final Decree. 

Filed Apr. 10, 1934. 

i 

i 

# * # # * * ; * 

This cause having come on to be heard and having been 
tried in open court and argued by counsel for the re¬ 
spective parties upon the pleadings and proofs adduced 
and submitted to the Court, j 

It is adjudged, ordered and decreed this jlOth day of 
April, 1934, that the Bill of Complaint in this lease be, and 
the same hereby is dismissed with costs against the plain¬ 
tiff. 

JENNINGS BAILEY, 

Justice. 

Approved as to form: 

SYNNESTVEDT & LECHNER, 

HARRY F. RILEY. 

, | 

The plaintiffs note an appeal in open court' and the un¬ 
dertaking on appeal for costs is fixed at $10d or $50 cash 

I 

in lieu thereof. 

Justice. 

JENNINGS BAjtLEY, 

214 Memorandum . 

. 

April 28, 1934.—$50 deposited in lieu of undertaking on 
appeal. 
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215 Assignments of Error . 

Filed Apr. 30, 1934. 

Now come plaintiffs, Thermolized Coal Corporation and 
Charles M. Buck, by their counsel, and make the following 
assignments of error: 

1. The Court erred in dismissing the Bill of Complaint. 

2. The Court erred in not granting the relief prayed for 
in the Bill of Complaint. 

3. The Court erred in not adjudging that the plaintiffs 
are entitled according to law to receive a patent for the 
invention of the said Charles M. Buck, as specified in his 
claims. 

4. The Court erred in refusing to decree that the Com¬ 
missioner of Patents be directed that he may allow the said 
claims of the said application and grant to the plaintiffs a 
patent for the said invention. 

5. The Court erred in improperly and erroneously con¬ 
struing the specification and claims of the application in 

issue. 

216 6. The Court erred in not properly construing the 
specification and claims of the application in issue. 

7. The Court erred in improperly and erroneously con¬ 
struing the specification and claims of the application in 

8. The Court erred in not properly construing the ref¬ 
erences relied upon. 

Of the foregoing assignments, the errors complained of 
in paragraphs 3 to 8, inclusive, are separately assigned as 
to each of the claims of the application in issue, and the 
errors complained of in paragraphs 7 and 8 are, in addi¬ 
tion, separately assigned as to each of the references cited, 
and as to the same in combination. 

9. The Court erred in holding that the specification does 
not describe applicant’s invention in such full, clear, con¬ 
cise and exact terms as required by Section 4888 R. S. 

10. The Court erred in not holding that the specification 
describes applicant’s invention in such full, clear, concise 
and exact terms as required by Section 4888 R. S. 

Wherefore plaintiffs pray that the Decree of the Su¬ 
preme Court of the District of Columbia, entered herein 
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on April 10, 1934, be set aside, and that thei cause be re¬ 
manded to the said Court with instructions to enter a de- 

i 

cree granting the relief prayed for in the [Bill of Com¬ 
plaint. 

HARRY F. RILEY, 

Solicitor fo\\ Plaintiffs. 

Counsel for Plaintiffs: 

PAUL SYNNESTVEDT, 

HARVEY LECHNER. 

j 

Copy received April 30, 1934. I 

T. A. HOSTETLER, 

For | Defendant. 

i 

217 Designation for Record. 

Filed May 11,1934. 

To the Clerk of said Court: ! 

Prepare and certify a transcript of the record in this 
cause, said transcript to include: 

(1) Docket Entries. | 

(2) Bill of Complaint. | 

(3) Answer. j 

(4) Order substituting Defendant. 

(5) The following portions of the file and contents of the 
application of Charles M. Buck, Serial No| 265,303, filed 
March 28, 1928, for a Treatment of Coal and other Car¬ 
bonaceous Materials of a Similar Nature and in the Product 
Produced (a certified copy of said application having been 
dulv offered and received in evidence at the trial of this 
cause), namely: pages 1 to 30, inclusive; 34 tb 46, inclusive; 

57 to 70, inclusive; 83; 90 to 116, inclusive; 143 to 

218 169, inclusive; and 202 to 211, inclusive; and the fol¬ 
lowing exhibits: 

For the Plaintiffs: | 

(a) Report of the Stevens Institute of Technology (see 
pages 47 to 55 of the file). 

(b) Report of Coupland Laboratories (se<i pages 71 to 75 

of the file). ; 

(c) Burgess & Wheeler article on 61 The!Initial Decom¬ 
position of Coal by Heat” (see pages 76 to 79 of the file). 
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(cl) S. W.. Farr article on “Low Temperature Carboniza¬ 
tion of Coal” (see pages 80, 81 of the file). 

(c) Correspondence referred to in Martin affidavit filed 
January 29,1931 (see pages 84 to 89 of the file). 

(f) S. H. Katz Technical Paper 183 on “New Views of the 
Combustioniof Volatile Matter in Coal” (see page 117 of 
the file). 

(g) Taylor & Porter Technical Paper 140 on “Primary 
Volatile Products of Carbonization of Coal” (see pages 118 
and 119 of the file). 

(h) King & Wilgress Technical Paper 16 on “The Pri¬ 
mary Decomposition of Coal—(1) The Temperature of Ini¬ 
tial Decomposition” (see pages 120 to 142 of the file). 

(i) Foxwell article from “Engineering” of January 12, 
1934, entiled “The Combustion of Pulverized Fuel” (of¬ 
fered at the trial). 

219 For the Defendant: 

(j) Suter, United States Patent No. 932,727. 

(k) Rigby, United States Patent No. 1,219,155. 

(l) Michie, United States Patent No. 1,423,134. 

(m) Rigby, United States Patent No. 1,517,755. 

(n) Bone,! United States Patent No. 1,594,994. 
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United States of America, 

District of Columbia, ss: 

I, Frank E. Cunningham, Clerk of the Supreme Court of 
the District of Columbia, hereby certify the foregoing pages, 
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numbered from, 1 to 221, both inclusive, to be a true and 
correct transcript of the record according to directions of 
counsel herein filed, copy of which is made paijt of this tran¬ 
script, in cause No. 54766 in Equity, whereiii Thermolized 
Coal Corporation and Charles M. Buck are Plaintiffs and 
Thomas E. Robertson, Commissioner of Patents, is Defend¬ 
ant, as the same remains upon the files and of [record in said 
Court. 

In testimony whereof I hereunto subscribe] my name and 
affix the seal of said Court, at the City of Washington, in 
said District, this 26th day of June, 1934. 

[Seal Supreme Court of the District of Columbia.] 

FRANK E. CUNNINGHAM, 

j Clerk . 

I 

Endorsed on cover: District of Columbia Supreme Court. 
No. 6261. Thermolized Coal Corporation ahd Charles M. 
Buck, Appellants, vs. Conway P. Coe, Commissioner of Pat¬ 
ents. United States Court of Appeals for ihe District of 
Columbia. Filed Jul. 9,1934. Henry W. Hotlges, Clerk. 
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United States Court of Appeals 

For the District of Columbia. ! 


April Term, 1934. No. 6261. 

i 

— 

I 

THERMOLIZED COAL CORPORATION and 
CHARLES M. BUCK, 

VS . 

CONWAY P. COE, COMMISSIONER OF j PATENTS 

Appellee. 

BRIEF FOR APPELLANTS. 

May it Please the Court: 

! 

Brief Statement and Parties. 

i 

i 

This is an appeal from a decree of the Siipreme Court 
of the District, dismissing plaintiff’s Bill of Complaint 
against the Commissioner of Patents for refusing a patent 
to the plaintiff, Charles M. Buck, on a certain invention in 
the treatment of soft coal and in the product produced by 
such treatment. 

The Primary Examiner’s refusal of thfe patent was 
affirmed by the Board of Appeals, whereupon the plaintiffs 
exhibited their Bill in the Supreme Court of the District, 
under Section 4915 of the Revised Statute, j 

The other plaintiff, Thermolized Coal Corporation, is 
the owner of rights in the invention as set forth in the 
agreement annexed to the Bill. 


i 

Appellants , 
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The Questions Involved. 

The tvto questions involved are succinctly developed 
in the opinion of his Honor, Judge Bailey (Trans, p. 93,* 
which we here quote in full: 

“I agree with the Patent Office that the appli¬ 
cant’s claims should be rejected for failure to comply 
with R. S. 4888, and also upon the Bone patent and 
the other references cited by the Patent Office.” 

The Rejected Claims. 

The rejected claims are : 

50. A method of preparing coal of the softer 
grades for its subsequent use which comprises crush¬ 
ing the coal to comparatively small pieces, and heat¬ 
ing the coal, in the presence of inert gas sufficiently 
free from air to prevent combustion, until it has 
reached a temperature substantially throughout of 
from Substantially above that of the boiling point of 
water to not above that at which thermal decomposi¬ 
tion of the particular coal begins. 

51. A method of preparing coal of the softer 
grades for its subsequent use which comprises crush¬ 
ing the coal to comparatively small pieces, and heat¬ 
ing the coal, in the presence of inert gas sufficiently 
free from air to prevent combustion, until substan¬ 
tially above that of the boiling point of water to not 
above 1 that at which thermal decomposition of the 
particular coal begins, and pulverizing the coal so 
treated. 

52. A method of preparing coal of the softer 
grades for its subsequent use which comprises crush- 


* Throughout this brief, “Trans.” refers to the printed 
pages of the transcript of the record, which pages are 
numbered at the top. “ Rec .” refers to photo-litho¬ 
graphed pages of the transcript of the record, which 
pages are numbered at the bottom. 
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ing the coal to comparatively small pieces, heating 
the coal, in the presence of inert gas sufficiently free 
from air to prevent combustion, until it has reached a 
temperature substantially throughout Approximately 
not above that at which its thermal decomposition 
begins, and cutting off further heating. 

53. A method of preparing coal pf the softer 
grades for its subsequent use which comprises crush¬ 
ing the coal to comparatively small pieces, and heat¬ 
ing the coal, in the presence of inert gas sufficiently 
free from air to prevent combustion, until it has 
reached a temperature substantially throughout which 
is sufficiently high to make the coal non-autogenous 
but below that at which its thermal decomposition 
begins. 

^ I 

57. As a new article of manufacture, pulverized 
coal of the softer grades freed from a substantial 
portion of its occluded inflammable gases and having 
its structure expanded to render it porous and charged 
with an inert gas such as flue gas. 

61. As a new product of manufacture, crushed 
coal of the softer grades heated in inert gases sub¬ 
stantially throughout to a temperature sufficient to 
drive off occluded gases and to render the coal non- 
autogenous and also non-explosive when in pulverized 
form, but below a temperature at wjbich products 
begin to be distilled from the substance of the par¬ 
ticular coal.” 

Claim 50 may be taken as typical of thej issue arising, 
under Section 4888, between the applicant land the Com¬ 
missioner. 

The concluding portion of that claim specifies the 
range of temperature within which the Aoal must be 
heated. The low temperature limit is “substantially above 
that of the boiling point of water”, i. e.J substantially 
above 212° F. 

The upper temperature limit called for is “to not 
above that at which thermal decomposition of the par- 


ticular coal begins”, i. e., the point of initial thermal 
decomposition. 

Obviously, the lower limit is very definite, and the 
Commissioner has never criticized that as being indefi¬ 
nite or vague. 

He does question the definiteness of the upper limit, 
in which connection the comments of the Board are 
illuminating. 

The Board stated in its opinion (Trans, p. 57, first 
full paragraph): 

“The claims then must apparently depend for 
their patentable novelty upon the limitation that the 
fuel is not heated above the point at which thermal 
decomposition of the coal begins.” 

The specification as originally filed recited no tem¬ 
peratures in terms of numerical figures and the Board 
took the position that the term—“the point at which 
thermal decomposition of the coal begins”—was vague. 
As to this, we quote from the Board’s opinion, same page 
of the Transcript, as follows: 

“As noted above this point has been s& vaguely 
set forth in the original description that it is sub¬ 
stantially impossible to determine what temperature 
is to be taken.” 


Points of Fact. 

1. That, prior to the filing of the application for pat¬ 
ent, the point of initial thermal decomposition of many 
of the coals of the softer grades had already been estab¬ 
lished and made known to the art, as by way of publica¬ 
tions of which there were many. 

2. That, prior to the filing of the application for pat¬ 
ent, methods and apparatus for determining the point of 
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initial thermal decomposition of coals within limits as 
close as one minute of time and within 0.2° |C. of temper¬ 
ature, were known to the art and made available by publi¬ 
cation. 

i 

3. That, while it is true that it varies with the par¬ 
ticular coals, the point of initial thermal decomposition of 
any coal can be readily ascertained and this] was a known 
thing in the art, prior to the application. 

Points of Law. j 

1. That which is capable of being made certain, is 
certain. 

2. That the terms employed in 3 4 ‘pointing out” an 

invention, as required by Section 4888, should be such as 
will accurately point out the invention. j 

3. That where, as here, the essence of the invention 
is to heat the coal from a temperature wbll above the 
boiling point of water to but not beyond the temperature 
of initial thermal decomposition, and the temperature of 
initial thermal decomposition of particular coals varies, 
the term “the temperature at which initial thermal de¬ 
composition begins” is an accurate and, in ithis case, the 

onlv accurate wav of defining the invention, i 

! 

4. More specifically, that where the essence of an 
invention is to put coal in a certain condition by heating, 
and where the temperature at which that! condition is 
arrived at in particular coals varies, it i$ proper and 
accurate to define the temperature in termi of resultant 
condition when it is possible to determine the condition, 
in any particular coal, and the temperatur^ required to 
bring any particular coal to that condition. 


5. Definitions which serve to distinguish a claim from 
the prior art in terms as well as in substance are accurate 
and are to be commended as fulfilling the very purpose 
of Section 4888. 

(Sec. 4888, as to the claims states “and he shall par¬ 
ticularly point out and distinctly claim the part, im¬ 
provement, or combination which he claims as his 
invention or discovery.”) 

6. That, in this case, a definition in numerical terms 
of temperature degree would be inaccurate and mislead¬ 
ing and therefore 

It is believed no citation of authorities is required 
to support the above points. 

Assignment of Errors. 

The assignments of error will be found Transcript 
p. 94 and are here quoted: 

1. The Court erred in dismissing the Bill of Com¬ 
plaint. 

2. The Court erred in not granting the relief 
prayed for in the Bill of Complaint. 

3. The Court erred in not adjudging that the 
plaintiffs are entitled according to law to receive a 
patent for the invention of the said Charles M. Buck, 
as specified in his claims. 

4. ' The Court erred in refusing to decree that the 
Commissioner of Patents be directed that he may al¬ 
low the said claims of the said application and grant 
to the plaintiffs a patent for the said invention. 

5. ! The Court erred in improperly and erron¬ 
eously construing the specification and claims of the 
application in issue. 

6. The Court erred in not properly construing 
the specification and claims of the application in issue. 

7. The Court erred in improperly and erroneously 
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construing the specification and claims of the applica¬ 
tion in (There is here a printer’s error. This assign¬ 
ment should read: The Court erred in improperly and 
erroneously construing the references relijed upon). 

8. The Court erred in not properly construing 
the references relied upon. 

Of the foregoing assignments, the errors com¬ 
plained of in paragraphs 3 to 8, inclusive, are sepa¬ 
rately assigned as to each of the claims jo f the appli¬ 
cation in issue, and the errors complained of in para¬ 
graphs 7 and 8 are, in addition, separately assigned 
as to each of the references cited, and as to the same 
in combination. 

9. The Court erred in holding that the specifica¬ 

tion does not describe applicant’s invention in such 
full, clear, concise and exact terms as required by 
Section 4888 R. S. ! 

10. The Court erred in not holding that the spe¬ 
cification describes applicant’s invention jin such full, 
clear, concise and exact terms as required bv Section 
4888 R. S. 

i 

The Invention and Its Advantages. 

(The advantages hereinafter tabulated are fully de¬ 
veloped in the record, and they have not been questioned, 
as will further appear.) 

In accordance with the invention, coal qf the softer 
grades is heated until the coal reaches a \ temperature 
throughout, which is just short of the temperature at 
which the substance of the coal begins to thermally de¬ 
compose or gasify. 

This temperature is known as the poijnt of initial 
thermal decomposition. 

More specifically, the coal is first crushed to rela¬ 
tively small pieces and the crushed coal is heated in a 
suitable heating vessel, such as the rotating drum. (The 
reason for crushing the coal is to expedites the heating. 


Heat penetrates coal readily up to Vs" after which the 
operation slows down, the rate of heat penetration de¬ 
creasing in direct proportion to the square of the in¬ 
creased depth.) The coal is heated while passing flue 
gas or other inert (combustion preventing) gas through 
the heating vessel, and the coal remains in the vessel until 
the pieces of coal have been heated throughout to just 
short of the temperature of initial thermal decomposi¬ 
tion. The coal is then cooled. If the coal is to be burned 
in pulverized form, it is then pulverized in a mill and 
may be used immediately or stored for subsequent use. 

Coal, when so heated to the point of thermal decom¬ 
position, whether in crushed or pulverized form, has the 
following advantageous characteristics: 

(1) Occluded gases, such as methane and the like, 
are driven off. These occluded (not chemically com¬ 
bined) gases are highly inflammable and explosive and 
are a primary contributing cause to spontaneous combus¬ 
tion and to explosions, particularly when the coal is in 
pulverized form. The coal can, therefore, be stored, 
transported and used with a much greater margin of saf¬ 
ety. (Ordinary or raw pulverized coal is so dangerous 
that in mahy places it is forbidden to transport it.) 

(2) The coal is substantially noil-autogenous, i. e., 
is no longer capable of generating heat within itself, suffi¬ 
cient to cause spontaneous combustion. (Fires start in 
large piles of coal because of the autogenous character 
of raw coal.) 

(3) The coal has its structure substantially expanded 
and thereby rendered porous. It thus becomes charged 
with the inert gas utilized in the treatment of the coal in 
the heating vessel. This also contributes to the relatively 
non-explosive character of the treated coal. 
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j 

The expansion of the coal also has the advantage that 
it can be pulverized much more readily (at approximately 
half the cost of pulverizing raw coal). In addition, the 
coal pulverizes to a greater degree of fineness which, of 
course, improves its characteristics as a fuel because it 
becomes more nearly like a gas when mixed with the air 
required for combustion. Again, a given aniount of coal 
so treated and pulverized will present a greater surface 
area exposed to the oxygen of the combustion air than 
the same amount of raw coal pulverized. Tfhis tends to 
more effective and more quick combustion. 

(5) Coal so treated can be burned in a | smaller fur¬ 
nace because the time required for combustioh is less and 
more coal can be burned per cubic foot of furnace volume. 
This of course effects a great saving in plaiff investment 
required to develop a given amount of horsepower. To 
illustrate, let us consider raw pulverized cpal. This is 
introduced into the furnace in a stream of hir and burns 
in suspension as it flows through the furnape and when 
so introduced, of course, it must be raised tp the temper¬ 
ature of combustion. As is the case when hbating water, 
iron, steel, or the like, a certain amount of the heat im¬ 
parted is required to effect physical changeb in the coal 
itself. During the period these physical changes are oc¬ 
curring, heat is absorbed by the coal without a substan¬ 
tial rise in temperature because the heat is utilized to 
bring about the physical changes. When the changes 
have been brought about further heating j results in a 
rapid rise in temperature. Hence, there is a substantial 
period of time required to effect these physical changes 
and bring the coal to a temperature at which it will burn. 
When it reaches the temperature of combustion, of 
course, there is a time interval required to effect complete 
combustion. During all of this time, the powdered coal is 
flowing in suspension through the combustion chamber. 


Thus the coal particles must be in the combustion cham¬ 
ber a substantial period of time, which means that the 
furnace volume has to be sufficiently large to allow the 
coal particles to remain within the combustion space for 
the required period of time. 

It is well known that ordinary raw pulverized coal can 
be practically burned at a rate of twro pounds per cubic foot 
of furnace volume per hour. Coal treated in accordance 
with the invention can be burned at the rate of as high as 
ten or fifteen pounds or more, per cubic foot of furnace 
volume per hour—a remarkable increase. See affidavit of 
Charles MJ Buck (Rec. p. 60, Trans, pp. 22, 23). 

(6) In addition to being capable of being burned 
with a short flame, it is possible to regulate the flame 
almost like a gas flame, so that almost any desired rate of 
operation can be had. 

(7) Furthermore, the treated coal, particularly in 
pulverized form, apparently has much less tendency to 
t ‘slag” the furnace than does raw pulverized coal. The 
ash of raw* pulverized coal takes a molten form (slag) 
and deposits on the floor and the w T alls of the combustion 
chamber and builds up, requiring the shutting down of 
the furnace for its removal with picks, crowbars and the 
like. This difficulty is largely overcome when the coal is 
pretreated in accordance with the invention. (Trans. 

p. 22.) 

i Utility Not Questioned. 

Apparently, the Commissioner of Patents does not 
seriously question the great practical utility of the inven¬ 
tion. The record abundantly establishes the advantages 
and utility of the invention. See, for example, the affi¬ 
davits of Charles M. Buck of April 22, 1930 (Rec. p. 60 , 
Trans, pp. 22-3); of F. W. Martin with attached letters of 
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C. J. Surdjkowski, development engineer I of Standard 
Stoker Co. (Trans, pp. 66-7); Tolson Bedwell, consulting 
engineer of Spicer Mfg. Co., and G. F. McClellan, Power 
Engineer for Henry E. Doherty Co. (Rec. pp. 165 , 166 , 
167 .) 

j 

As To Sec. 4888. ! 

The Original Specification Is Sufficiently Definite And 
Adequate To Support A Patenti 

j 

We submit that the specification is quit^ precise in its 
directions as to the temperatures to which [the coal shall 
be heated. j 

On page 3 of his specification ( Record i p. 25 ) the ap¬ 
plicant positively states that 4 4 in carrying ou ( t my process ’ ’ 
he treats the coal in 

I 

4 4 a heater where a temperature is maintained suffi¬ 
cient to bring the entire mass of the fuel treated to the 
point of gasification * * *” i. e., the point of thermal 
decomposition or distillation of the coal substance. 

Again, in his original specification, page 8 (Rec. p. 
30) applicant positively states— 

4 4 My process consists in crushing and heating 
coal or other carbonaceous material off a similar na¬ 
ture in the absence of air and in the presence of non- 
combustible gases up to the temperature of the thermal 
decomposition and gasification of the substances of 

said materials.’’ 

■ 

Again, on page 2 of the original specification (Trans, 
p. 13) the applicant states: 

I ** * . ' 

4 4 My process is adapted to prepar^ coal or other 
similar carbonaceous material * * * for immediate 
gasification * * 


Also on page 6 of the original specification, ( Rec . 
p . 28) the applicant states that the coal— 

“is not onlv heated so as to drive off the moisture and 
•/ 

also the imprisoned explosive gases but is heated to a 
point sufficient to substantially expand the same and 
produce those changes in its composition and structure 
which occur during the endothermic phase of combus¬ 
tion and are necessarily preliminary to and in prepara¬ 
tion for its gasification and exothermic oxidation 
* * (“Exothermic oxidation 77 is the technical 

term for burning or combustion.) 

Thus, the instructions are verv definite. The direc- 
tions are to heat not only sufficiently to drive off moisture 
and the occluded gases, but also up to the point of gasifi¬ 
cation or initial thermal decomposition, i. e., the gasifica¬ 
tion or decomposition of the substances of the coal itself. 

“Gasification 77 and “initial thermal decomposition 77 
are synonomous because when you begin to thermally de¬ 
compose the substance of the coal, you begin to gasify or 
distill it. 

While the specification does not give the temperature 
in numerical terms of degree, nevertheless the instructions 
are precise and definite that the heating is to the point at 
which thermal decomposition or gasification begins. This 
point varies with different coals but can be readily ascer¬ 
tained for any coal. (To put any definite numerical value 
into the claims would therefore have been not only inac¬ 
curate but also misleading.) 

The equitable maxim that that is certain which can 
be rendered certain, applies. 

The applicant’s position here is even stronger than 
that, for the reason that at the time he filed his application 
the point of thermal decomposition or gasification of most 
coals had already been determined, and, in addition, there 
were available in the art processes and apparatus by 
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which the point of thermal decomposition o{ gasification 
of the coal could be determined so closely a|s within one 
(1) minute of time and within 0.2° of temperature. (It 
is to be noted, however, that while the temperature of initial 
thermal decomposition was known, no one had discovered 
that coal when heated to but not above that point, produced 
a new fuel having all of the advantages herein pointed 

out.) 

7 

That the point of initial thermal decomposition of 
coals was known long prior to applicant’s filing date is 
evidenced, for example, by the following: 

In 1927 the British Department of Science and In¬ 
dustrial Research (corresponding to our Bureau of Mines) 
published Technical Paper No. 16 by King 4nd Willgress 
(Exhibit A, Rec. pp. 172-193) entitled 44 The! Primary De¬ 
composition of Coal”, “1. The Temperature jof Initial De¬ 
composition.” Its very title is strikingly significant. It 
was published as the result of work to determine this very 
point of the initial thermal decomposition of boal. On page 
1, Rec. p . 175 , of the paper it is pointed out that the gen¬ 
erally accepted temperature is 250° C. as “he maximum 
temperature at which thermal decomposition! begins. The 
avowed purpose of their work—the results of which are 
given in their article—was to carefully check the work of 
previous authors as to the point of the initijal decomposi¬ 
tion of coal. 

On page 5, about the middle, the authcjrs accept the 
appearance of vapor and drops of an oily ^ature as the 
physical evidence of decomposition {Rec. p. 179). 

They tested six different coals, the analyses of which 
appear on page 7 {Rec. p. 181). 

'■ 

On page 13 they give the “ initial decomposition tem¬ 
peratures” of these various coals as follows;: 


‘ ‘ Peat 

180°C.” 

“Lignite 

235°C.” 

“Bituminous Strong Caking 

215°C.” 

“Bituminous Medium Caking 

230°C.” 

“Bituminous Non-Caking 

245°C.” 


Fumes appeared at slightly lower temperatures in all 
eases. 

On page 8 they state that irrespective of whether the 
coal is heated in an inert gas or in vacuo, “the values rec¬ 
orded are approximately the same” ( Rec . p. 182). 

/ 

They describe the method and illustrate the apparatus 
{Rec. pp. 185-6) which they employ to determine the point 
of initial thermal decomposition and state, beginning last 
line of page 12, {Rec. pp. 186-187): 

“When oil vapours first appeared, no difficulty 
was experienced in detecting their presence. * * * It 
was expected that this would be quite sufficient to give 
an indication of the first appearance of oil within 1 
minute of the time of its formation, or therefore, with¬ 
in 0.2°C. of the temperature thereof.” 

On page 14 they plainly point out that continuation 
of heat at the critical temperature at which oil first ap¬ 
pears, results in an increase in the amount of oil, thereby 
definitely establishing the temperature at which oil begins 
to appear as the critical temperature at which decomposi¬ 
tion of coal begins. 

That occluded gases are driven off at lower temper¬ 
atures than the temperature of initial decomposition, ap¬ 
pears on page 3, from which we quote as follows {Rec. p. 
177 ): 

“ Occluded or condensed gases are removed as the 
temperature rises from 150 to 200°C. These are chiefly 
higher paraffin hydro-carbons.” 
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Amongst other previous authors to whom they refer 
are Taylor and Porter who found, in four types of Amer¬ 
ican coal, that thermal decomposition had proceeded to a 
measurable extent at 250°C. page 3 of the Exhibit, Rec. p. 
177). | 

From what has been quoted heretofore ind from what 
follows, it is evident that the points of “initial thermal de¬ 
composition ’’ and ‘ 4 gasification” or change of the sub¬ 
stances of the coal are the same, as indeed they obviously 
must be. 

The net result of their exhaustive and careful research 
work was that the maximum temperature of the beginning 
of thermal decomposition of soft coal was ^45 °C. showing 
how accurate the work of previous investigators was. 

We also quote from Taylor and Porter’s technical 
paper No. 140, Bureau of Mines 1916, page^ 43-4, Rec . pp. 
170-1 , as follows: | 

4 4 Coal probably breaks down more or less at all 
temperatures, but the temperature at which reactions 
occur to any extent in experimental lime is consid¬ 
erably above normal atmospheric temperatures. With 
bituminous coal of the Pittsburgh type volatile matter 
begins to distill in appreciable quantities at 250°C. 
(482°F.), and with Western coals, especially the sub- 
bituminous types, at a still lower temperature.’’ 
(Italics ours.) 

We also refer to Porter 4 ‘Coal CarboIjization ,, , 1924, 
where he states that, on page 82, Transcript p. 39: 

l 

Investigations of the moisture content of some 
typical coals by G. A. Hulett, E. Mackand and C. P. 
Smythe, (Amer. Jour. Sec. 43,1917, pp. 89-110 and 45, 
1918, pp. 174-84) “have clearly showi the existence 
of a critical decomposition temperature , varying with 
the coal type at which ‘synthetic water’ makes its ap¬ 
pearance, in distinction from the free moisture and 



that held as a condensed film on the surface of collodial 
coal particles. These temperatures are in the neigh¬ 
borhood of 250°C.” (Italics ours.) 

Our own Bureau of Mines Technical Paper No. 183 
by S. H. Katz states, Record p. 169, as to the beginning 
of thermal decomposition: 

“When coal is heated it begins to evolve gaseous 
and liquid matter at temperatures which may be as 
low as 250° CP ’ 

See also, the third full paragraph, Rec. p. 173. 

We submit that the foregoing amply establishes the 
proposition that the point of initial thermal decomposition 
or gasification of coal of the softer grades, as called for 
in the claims, was well established for many coals, long- 
prior to the filing of applicant’s application. Also that 
that point can be readily determined for any case. The 
fact that this was long known, points to the patentability 
of the invention, which lies in the discovery that coals when 
heated up to this point, constitute a new fuel having the 
advantages pointed out. 

We further submit that the applicant properly defined 
his invention when he avoided statement of the temperature 
values in numerical figures. The tempertaure of initial 
thermal decomposition varies with the particular coal and 
the applicant’s invention consists in heating any particular 
coal substantially up to but not above its point of initial 
thermal decomposition or gasification. When the appli¬ 
cant, therefore, gave instructions to heat up to but not be¬ 
yond this point, his instructions were accurate and definite 
and they could be readily followed. 

The fact that coal probably breaks down more or less 
at all temperatures if allowed to stand long enough, is of 
no consequence of any kind in this case. 
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We may admit, for purposes of argumenj;, that coal, 
if allowed to stand a sufficiently long period of years in 


oration and 
f time and 


the open, will show some indications of deteri 
breaking down through natural processes o 
temperature. But we are here concerned with subjecting 
the coal to artificial treatment in commercial operations 
and, when this is done, it is well established tjhat thermal 
decomposition or distilling off of gases only j appreciably 
occurs at about 250°C. On this point, we here ifequote from 
Tavlor and Porter, as follows: 

“Coal probably breaks down more o!r less at all 
temperatures, but the temperature at which reactions 
occur to any extent in experimental timej is consider¬ 
ably above normal atmospheric temperatures. With 
bituminous coal of the Pittsburgh type Volatile mat¬ 
ter begins to distill in appreciable quantities at 250°C. 
(482°F.), and with Western coals, especially the sub- 

bituminous types, at a still lower temperature.” 

• 

The gradual, natural deterioration of coal| is obviously 
not in any sense equivalent to the applicant fs treatment, 
which makes a new fuel out of the coal, although it is still 
coal. 

The Katz Publication. 

The specification of the applicant makesj some refer¬ 
ence to the endothermic (heat absorbing) <|nd the exo¬ 
thermic (heat generating) phases of combustion and the 
Board of Appeals was apparently of the opirlion that this 
rendered the description indefinite and vagu^. 

In support of its position the Board referred to the 
Katz publication (Trans, p. 169) and particularly to the 
statement therein that if coal be heated up to the temper¬ 
ature of 750° C. it will continue to absorb heat but at tern- 
peratures above 750°C. it evolves heat. Hen^e, the Board 
stated that “the endorthermic phase of combustion ex- 


18 


tended up to 750°C.” and that, therefore, the specification 
of the applicant was sufficiently broad to include a temper¬ 
ature as high as 750° C. 

The first reference to the endothermic phase of com¬ 
bustion appears on page 1 of the specification, Rec. p. 
23 , in the third full paragraph. 

In that paragraph the applicant is describing ordinary 
ra^w pulverized coal which he states is in its “raw state 
in composition and structure, not having had” “any of 
those changes brought about therein which occur” “dur¬ 
ing the endothermic phase of combustion in preparation” 
“for the gasification of their substances” by reason of 
“which they burn under difficulties”, etc. 

That is a perfectly true statement of fact. It is made 
with respect to raw coal which, of course, in its raw state 
does not have “any of those changes” brought about 
therein which occur during heating of such coal in a fur¬ 
nace when a large quantity of heat is absorbed to effect 
physical changes without bringing about a substantial rise 
in temperature. The observations by the applicant of the 
occurrence of these changes is a distinct contribution to 
the art. 

The next reference in the specification to the endo¬ 
thermic phase of combustion appears on page 6, Rec. p. 
28. The statement there is that the coal 

“is heated to a point sufficient to substantially expand 
the same and produce those changes in its composition 
and structure which occur during the endothermic 
phase of combustion and are necessarily preliminary 
to and in preparation for its gasification and exo¬ 
thermic oxidation”. 

Here the important words are “necessarily” “pre¬ 
liminary to and in preparation for its gasification”. In 
other words, all the applicant is there stating, is that he 
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consistent in 


heats the coal to the point of “gasification” arid that, there¬ 
fore, he brings about such changes as occur during the 
endothermic phase of combustion when you heat up to the 
point of gasification. The plaintiff is quite free to admit 
that there are endothermic reactions occurring after the 
coal has reached the point of gasification, as Veil as before 
it reaches that point. The applicant nowhere fetates that he 
heats the coal until aU endothermic reactions; cease. What 
he does say, however, in the statement from the specifica¬ 
tion just above quoted, is that he heats the | coal until he 
brings about “those changes” which are “preliminary to 
and in preparation for its gasification”. Tjherefore, the 
specification clearly excludes any heating abpve the point 
of gasification and, therefore, excludes any endothermic re¬ 
actions which occur after the temperature of gasification is 
reached. 

In fact, the entire specification is quite 
its instructions that you should heat substantially up to 
but not beyond the temperature of gasification and the 
maximum point at which gasification in any of the softer 
grades of coal occurs, is, as has been abundantly shown, 
approximately 250° C. 

Wherever “exothermic oxidation” is mentioned it is 
always coupled with “gasification” and follows the latter 
word. Thus, for example, on page 6 of the Original speci¬ 
fication, Rec . p. 28, it is stated that the c^al is heated 
sufficiently to produce those changes in its cofiiposition and 
structure which occur during the endotherinic phase of 
combustion and are necessarily preliminary to and “in 
preparation for its gasification and exothermic oxidation”, 
which merely means that it is heated to the jjoint of gasifi¬ 
cation in preparation for its subsequent exothermic oxida¬ 
tion, the latter of which, of course, always follows initial 
gasification in point of time and temperature. 


Secondary Ground of Rejection. 

Tlie Board of Appeals held that the claims were not 
patentable over Bone, No. 1,594,994, Trans, p. 88. 

Bone’s process is one which is intended to increase 
the calorific value of brown coal or lignite (Brown coal is 
a coal fouiid in Europe and is very much like lignites.) 
These peculiar coals frequently contain as high as 50% or 
more of free water. The specific example given by Bone, 
page 1, second column, last paragraph, contains 48% of 
free water. Obviouslv if the water be removed from such 
a coal, one ton of the treated coal would have the calorific 
value of about two tons of the coal untreated, because two 
tons of the untreated coal are made up, in reality, of one 
ton of coal and one ton of water. 

Bone removes the water of combination by heating 
from a temperature between 250°C. and 400°C. He pre¬ 
fers to heat at 375°C. until elimination of water practically 
ceases, (pa^e 2 of his specification, beginning line 17). He 
accomplishes the heating by passing hot flue gas over the 
coal. 

In the first place, it is to be noted that his lower limit 
for brown coals or lignites is the upper limit which the ap¬ 
plicant proposes for soft coal. This is very significant. 

The pbint of thermal decomposition of broivn coals 
and lignites is well below 250°C. (See this brief, page 
21.) Bone himself has stated that it is 200° C., a still 
lower temperature. We quote from his book entitled 
46 Coal and Its Scientific Uses” published by Longmans, 
Green & Company, London, in the year 1919, Second Im¬ 
pression, where he states, page 126, paragraph 1, the fol¬ 
lowing, Trans, p. 34, last paragraph: 

“The primary decomposition of the coal sub¬ 
stance as they themselves prove, begins at 200°C. (or 
thereabouts) with an elimination of water and oxides 


21 


of carbon, and continues up to and probably beyond 
450° C.” j 

Thus, even the low limit given by Bone in his patent is 
above the point of thermal decomposition of the coals he 
proposes to treat, and his preferred temperature of 375°C. 
is far above the point of thermal decomposition of the 
coals he proposes to treat. I 

In other words, according to applicant’s j specification, 
if one is to treat brown coal or lignite in accordance with 
the invention in issue the maximum temperature permis¬ 
sible would be up to and not beyond the temperature of 
initial thermal decomposition, about 200°C. to|210°C., which 
is substantially below the lower limit specified by Bone and 
far below his preferred temperature of 375° p. 

The record in this case shows that Hungarian brown 
coal was actually tested and the point of its initial thermal 
decomposition determined to be about 410 °!F. which cor¬ 
responds to the 210°C. which is close to Bonn’s own figure 
as to the temperature of thermal decomposiiion of Brown 
coal. The coal was also tested to 450°F. (which is a little be¬ 
low 250°C.), when the decomposition of the coal was very 
active, the coal coming out of the retort ] 4 smoking and 
charring”. See the affidavit of G. F. McClellan, power en¬ 
gineer for Henry L. Dougherty & Company of New York, 
Trans, pp. 38 to 41; and also the affidavits of Charles M. 
Buck, Rec. pp. 99-100 . i 

Thus the literature and the tests conducted on brown 
coal establish that the lower limit given by Bone in his 
patent is well above the point of initial thermal decompo¬ 
sition of the kind of coals he is treating. This is recog¬ 
nized by the Board in the following language quoted from 
page 7 of its opinion, Trans, p. 57: 

“ Applicant urges, however, that a pajrt of the vola¬ 
tiles would also have been driven off. That may be true 



but that is what would be expected by using the tem¬ 
perature stated/’ 

Notwithstanding this, however, the Board held that it 
is not patentable to heat up to but not beyond the point 
of thermal decomposition, for the reason that if you did 
not want to drive off the volatiles— 

“ Obviously such lower temperatures would be used 
which do not affect the volatiles to be retained. * * * 
It would without doubt be obvious to anyone skilled in 
working with coal if he had the Bone patent before 
him that a product having more volatiles in it could 
be obtained if the temperature used be lowered below 
250° C.” 

This line of argument completely overlooks the pur¬ 
pose of Bone’s process, which is to. drive off combined 
water. Bone himself clearly recognizes that substantial 
evolution of water (combined) only occurs above the point 
of initial thermal decomposition, i. e., between 250°C. and 
400°C., of the particular coals he was treating (see page 1, 
first paragraph of his specification, Trans, p. 89). 

The quotations hereinbefore made clearly show that 
combined water is only driven off in substantial quantity 
when the coal is heated well above the point of initial 
thermal decomposition. Therefore to lower the temper¬ 
ature of Bone below the point of thermal decomposition 
would be to defeat the object Bone had in mind for the 
combined water would not be driven off to increase calor¬ 
ific value; whereas to heat the coal above the point of 
thermal decomposition would defeat the very object the 
applicant has in mind. Applicant is concerned with bring¬ 
ing about the changed properties which, he observed, occur 
immediately below the temperature of thermal decomposi¬ 
tion, some of which would be destroyed if the coal were 
heated in the Bone range of temperature. For example, 
coke is known to be slow burning and hard to pulverize. 
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When you drive off volatiles as in Bone’s! temperature 
range you tend to produce coke. Applicant, | unlike, Bone, 
does not drive off the combined water or increase calorific 
value. 

This is not a difference in degree but a difference in 
kind . 

The refusal of the patent on the ground taken by the 
Board is utterly unsound for it involves so altering the 
process of the Bone patent as to make it incapable of the 
use for which it was intended. It also ignores the discov¬ 
ery that when you heat coal only up to the ‘point of ther¬ 
mal decomposition, the coal is non-explosive, non-auto- 
genous, relatively non-slagging, easily pulverized, can be 
burnt in a much smaller combustion space, can be regu¬ 
lated like a gas flame, etc., etc. It assumes that all these 
things would be obvious to one reading the lj$one specifica¬ 
tion. 

The claims should not have been rejected on a pro¬ 
cess which employs higher temperatures and for a wholly 
different purpose, and which, therefore, is jnot even sug¬ 
gestive of the ends sought by the applicant. | 

I 

The Other References Mentioned In The Board’s 

Opinion. 

The Board has made reference in its ppinion to two 
other patents but apparently relies upon them primarily 
to supplement the Bone patent. 

These other references are the patent!to Rigby, No. 
1,517,755, and the patent to Michie, No. lj423,134, which 
will be considered in the order stated, Trhns. p. 85 and 

p. 82. 

Rigby, No. 1,517,755. j 

This patent merely relates to the drying of pulver¬ 
ized peat or lignite to the point where it contains about 
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as much free moisture as ordinary coal. The patentee 
specifies that the water content of the treated coal shall 
be 12% by weight. (Peat and lignite contain as much as 
50% or more of free moisture.) The drying is effected 
by suspending the pulverized peat in a current of hot 
gases. The entrance temperature of which hot gases them¬ 
selves is only 250°C. The exit temperatures of the gas * 

are specified as being at least from 75° to 150°C. Only a 
portion of the heat is thus absorbed by the coal, and while 
Eibgy gives no data from which the actual temperature to 
which the Coal is raised can be ascertained, it is neverthe¬ 
less clear that the temperature of the treated coal itself can¬ 
not possibly be in excess of 100°C. (212°F.) This is clearly 
recognized by the Patent Office Examiner himself (see Of¬ 
fice Action, Paper No. 17, last sentence, third full para- 4 

graph, Rec. p. 121). The reason why the coal itself cannot 
exceed this temperature under the conditions specified by 
Rigby is perfectly clear from the fact that as long as there 
is free water present in the coal, the water will be absorb¬ 
ing heat (latent heat of vaporization) from the coal and the 
surrounding gas, without rise in temperature. For the 
coal to reach a higher temperature than the boiling tern- # 

perature, all of the free water would first have to be driven 
off. Rigby’s coal, therefore, cannot reach a temperature * 
higher than the boiling point, since he states that the 
treated coal shall retain a water content of about 12% by 
weight. 

Claims 50 and 51 each specify that the coal must be 
heated throughout to a temperature 4 ‘ substantially above ’ ’ 
that of the boiling point of water “to not above that at 
which thermal decomposition of the particular coal be¬ 
gins”. 

Claim 50 further distinguishes in that it calls for so 
heating crushed coal, and claim 51 also additionally dis¬ 
tinguishes because it specifies first the heating of crushed 
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coal to such a temperature and then the subsequent pul¬ 
verization of the coal. 

Claim 52 calls for heating to the point of jthermal de¬ 
composition and cutting off further heating. 

Claim 53 specifies the heating of the crushed coal 
‘ ‘ until it has reached a temperature substantially through¬ 
out which is sufficiently high to make the coal non-auto- 
genous (for which there is not the remotest suggestion in 
Rigby nor the possibility of obtaining the sanie under the 
conditions of his treatment with 12% of water remaining 
in the treated coal), but below that at which its thermal 
decomposition begins.’’ 

Furthermore, each of these claims specifies the heat¬ 
ing of the coal in the presence of inert gas sufficiently free 
from air to prevent combustion, which Rigby dbes not do as 
he provides special means for dealing with explosions and 
fires (see page 1 of the patent, beginning lin^ 92, Trans. 

p. 86). 

Rigby certainly does not have nor disclose the prod¬ 
uct of claims 57 and 61, because with a temperature of his 
coal of 100°C. as the maximum possible (although not ac¬ 
tually achieved) he will not have a product i|n which the 
occluded and inflammable gases have been driven off, which 
the applicant has shown is well above 212°F., aijid which has 
its structure expanded to render it porous and Charged with 
an inert gas, as specified in claim 57; nor a product in which 
the occluded gases have been driven off and Ijhe coal ren¬ 
dered non-autogenous and non-explosive when in pulver¬ 
ized form, as specified in claim 61. 

Michie, No. 1,423,134 (Trans, p. 82). 

This patent has to do with a process of low tempera¬ 
ture distillation, i. e., a process in which th^ substances 
of the coal are actually distilled, and it obviously has noth¬ 
ing whatever to do with what applicant has in mind. The 
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patentee discovered that when distilling coal the hot gases 
in coming in contact with the cold incoming coal condensed 
(see page 1, beginning line 36), and his object is to pre¬ 
vent the gases distilled from coming in contact with such 
cold surfaces, for which purposes he continuously passes 
the incoming coal first through a preheater where the coal 
is subjected to steam or other hot gases (page 2, beginning 
line 28). He says the temperature at which the gases will 
condense is about 150°C., page 1, line 85, and, therefore, 
that should be approximately the temperature of preheat¬ 
ing or thereabove. 

We submit that the idea of preliminarily heating up 
coal as part of a continuous distillation process for the 
purpose of preventing condensation of distilled gases on 
cold surfaces has nothing whatever to do with the treat¬ 
ment of coal to drive off occluded gases, to render the coal 
non-autogenous and non-explosive, to render it readily 
pulverizable and to make it capable of being burned at 
tremendously high rates. Applicant wants to and does 
avoid the verv thins: which is the end and aim of Michie, 
i. e., the distillation of coal. 

That all Michie is concerned with is the heating of g 

the surface of the coal is quite clear not only from the 
specified purpose of his invention, but also from the short 
heater shown through which the coal is continuously fed 
and in which it is quite obvious it would be impossible to 
do more than heat the surface of the coal. However, even 
assuming, for the purposes of argument, that Michie did 
actually contemplate heating his coal throughout to a tem¬ 
perature near 250° C., it would still not be an anticipation ► 

nor even suggestive of applicant’s invention. Under such 
assumption you would further not only have to stop the 
Michie process and take the coal at an intermediate stage, 
but also discover that the treatment of coal in this manner 
outside of the furnace is of major consequence not only 
as to the coal itself, but also as to the subsequent burning 
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of the coal within the furnace. Certainly no one would 
discover from the Michie disclosure that coal when raised 
outside of the furnace to a temperature all the way 
through the body of the coal of approximately 250° C. 
in the presence of inert gases would have the oc¬ 
cluded gases driven off, could be non-autogenpus, non¬ 
slagging, relatively easy to pulverize and capable of being 
burned at very high rates in comparison to standard 
practice. j 

More than that it may be positively gathered from 
Michie *s specification that he did not have the remotest idea 
of the above, for he specifies that the heating medium may 
be steam or other hot gas (see patent, page 2, jbeginning 
line 28). The use of steam as a heating medipm would 
certainly never realize the invention. Assuming that he 
could provide steam hot enough to so heat th^ coal, he 
would only burn it and would certainly start t<j> distill it 
in the heating chamber itself. | 

The inventions lie in wholly different classes. Appli¬ 
cant has a process for preparing coal. It is coal 1 when the 
process is over. Michie distills coal to coke in order to 
make what is called ‘*producer gas”. 

I 

Conclusion As To The References, j 

i 

It is submitted that applicant is concerned with a 
wholly novel conception in this art. What is tnore, con¬ 
sidering the matter purely on a narrow basis^ which is 
not required by the state of the art, he is dealing with the 
things that occur in a range of temperature pot before 
employed in the art. 

The art shows on the one hand drying of cpal, and, on 
the other hand, distillation of coal, or a partial distillation 
of coal, as in Bone. The drying of coal is done at tem¬ 
peratures about or below the boiling point. Tjhe distilla¬ 
tion of coal occurs above the temperature at ^hich ther- 
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mal decomposition of the substances of the coal begins 
which, for most coals, is 250°C. (about 482°F.). 

Applicant operates in the intermediate range and his 
claims are so limited. They will interfere with no one’s 
operation in drying, distilling or in carbonizing coal. To 
the contrary, they distinctly point out the very field of 
applicant’s invention and, in so doing, they distinguish the > 

invention from the art. We can conceive of no language 
better suited to accomplish the end than “to not above 
that at which thermal decomposition begins”. 

We submit, therefore, that both the specification and 
the claims are to be commended as fulfilling the very 
purpose of Sec. 4888. See Points of Law, Brief p. 5, 
and particularly Points 3 and 5. 

Claims 50 and 51 specify the heating of the coal be- « 

tween a range which varies from substantially above the 
boiling point of water to not above that at which thermal 
decomposition of the coal begins. 

The applicant is believed to be entitled to claims of 
this scope so as to cover one who is desirous of securing 
some but not all of applicant’s results. 

Claim 52 involves heating to the point of initial ther- a 

mal decomposition because it calls for heating the coal 
until is has reached a temperature substantially through¬ 
out. approximately not above that at which its thermal 
decomposition begins and then specifies cutting off of 
further heating. 

Claim 53 specifies a temperature stage at which the 
coal becomes non-autogenous and below that at which its 
thermal decomposition begins. 

Claim 57 calls for a temperature which is at least 
sufficient to drive off the occluded inflammable gases and 
to expand the structure of the coal. This claim inferen- 
tially includes the limitation to heating not above the 
point of thermal decomposition because beyond that point 
the treated coal would be no longer coal, proper, for some 
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of its volatiles would have been distilled off afid it would 
more nearly approach coke. In this connectioiji it is to be 
noted that the claim calls for “coal”. Henc^ the limita¬ 
tion above noted is inferentially present. 

Claim 61 specifies a range between the temperature 
at which occluded gases are driven off and thfe coal rend¬ 
ered non-autogenous and non-explosive, and below a tem¬ 
perature at which the products begin to distjll from the 
substance of the coal. 

i 

Conclusion. 

It is submitted that the decree of the Supreme Court 
of the District of Columbia should be reverted and the 
Commissioner ordered that he may allow the patent. 

Respectfully submitted, 

Harry F. Riley, 

Solicitor for\ Appellants. 

Harvey Lechner, 

Paul Synnestvedt, 

Of Counsel. 
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APPENDIX. 


For the convenience of the Court, an index to the file 

contents of the Buck Application in issue is given below. 

Rec. Trans. 

Patent Office Date Item Page Page 

March 28, 1928 Petition. 22 

Specification.22-31 13-15 

Claims.32- 36 

Oath. 37 

Jan. 23, 1929 Office Action. 38 15 

*• i 

July 8, 1929 Amendment (Incl. new 

claims 22 to 33) . 41- 45 16- 17 

Feb. 26, 1930 Office Action. 49 17- 18 

May 12, 1930 Amendment (Incl. new 

claims 34 to 48). 51- 54 18- 20 

Affidavit of Frederick 

W. Martin. 20-21 

Affidavit of Charles M. 

Buck. 60 22- 23 

Exhibit A—Report of 

Tests. 59-66 

Coupland Laboratory 
Coal Analysis .152-156 

May 26, 1930 Office Action . 64 23- 24 

Aug. 16, 1930 Amendment (Incl. new 

claim 49) . 66- 68 24- 27 

Affidavit of Harvey L. 

Lechner. 74- 75 

Affidavit of Charles M. 

Buck. 76-77 

Jan. 30, 1931 Affidavit of Frederick 

W. Martin. 78 

Letter from C. J. Surdj- 

kowski. 66-67 


r 
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Feb. 26, 1931 
March 24, 1931 


March 27, 1931 
May 15, 1931 

July 7, 1931 
Aug. 4, 1931 
Aug. 8, 1931 
Aug. 11, 1931 

Sept. 18, 1931 
March 15, 1932 


i 

i 


i 


Bed. 

Pagfe 


Letter from Tolson Bed- 

well . 

Letter from G. F. Mc¬ 
Clellan .. 

Letter from Charles 0. 
Lenz. 

Office Action. 


165-ip6 

167 

i 

1^8 

!79 


Amendment (Inch new 

claims 50 to 55) . 83- 85 

Affidavit of Arthur G. 

Buck . 98 

Affidavit of Charles M. 


Buck.99-100 

Affidavit of G. F. Mc¬ 
Clellan . 

Office Action . 106 

Amendment (Inch new 
claims 56 to 62) .109-112 

Office Action.121-^22 

Amendment. l|23 

Office Action. 1J25 

Appeal to Board of Ap¬ 
peals . l]26 


Examiner’s Statement. 

Decision of Board of 

Appeals. 

Notice of Suit. 


i 

i 


l 


Trans. 

Page 

27- 29 
29- 37 

38- 41 
41- 42 

43- 47 

47- 48 

48- 53 

53- 58 
59 
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EXHIBITS. 


For the Plaintiff: 


Rec. 

Page 


(a) Report of the Stevens Institute 

of Technology. 

(b) Report of C o u p 1 a n d Labora¬ 
tories .152-156 

(c) Article by Burgess and Wheeler 
“The Initial Decomposition of 

Coal by Heat”.157-160 

(d) S. W. Parr article on “Low Tem¬ 

perature Carbonization of 
Coal”.161-162 

(e) Correspondence mentioned in 
Martin affidavit tiled Jan. 30, 

1931 .165-168 

(f) S. H. Katz Technical Paper 183 

—“New Views of the Combus¬ 
tion of Volatile Matter in Coal”. 169 

(g) Taylor and Porter Technical 

Paper 140 “Primary Volatile 
Products of Carbonization of 
Coal”.170-171 

(h) King and Wilgress Technical Pa¬ 

per No. 16 “The Primary Decom¬ 
position of Coal” .172-193 

(i) Foxwell article from “Engin¬ 

eering” on “The Combustion of 
Pulverized Fuel”. 


For the Defendant: 

(j) Suter U. S. Patent No. 932,727 .. 

(k) Rigby U. S. Patent No. 1,219,155 

(l) Michie U. S. Patent No. 1,423,134 

(m) 'Rigby U. S. Patent No. 1,517,755 

(n) Bone U. S. Patent No. 1,594,994 


Trans. 

Page 


59- 66 


66- 67 


68- 74 


75- 77 
78- 81 
82- 84 
85- 87 
88- 92 













In the United States Court of Appeals 


t'l 


Thermolized Coal Corporation and Charles M. 

Buck, appellants 


vs. 


' Corny P. Coe, CoM&issioNER of Patents,. 

' : ' - APPELLEE ; : ' . 


' J, ‘ 

i 1 


APPEAL FROM THE SUPREME COURT OF THE DISTRICT OF 
' ' COLUMBIA 


BRIEF FOR THE COMMISSIONER OF PATENTS 


T. A. HOSTETLER, ; T 

Solicitor United States Patent Office. 







i 

! 

j 

i 

In the United States Court of Appeals 
for the District of Columbia 

October Term, 1934 

I 

I 

- i 

No. 6261 ! 

* i 

Thermolized Coal Corporation and Charles M. 

Buck, appellants 

v. 

Conway P. Coe, Commissioner of Parents, 

appellee 

_ I 

APPEAL FROM THE SUPREME COURT OF THE DISTRICT OF 

COLUMBIA 

BRIEF FOR THE COMMISSIONER OF PATENTS 

This is an appeal from a decree of the Supreme 
Court of the District of Columbia (R. 93) [dismiss¬ 
ing appellants’ Bill of Complaint filed upder Sec¬ 
tion 4915 R. S.; 35 U. S. C. A. 63, as amended. 

The claims 50, 51, 52, 53, 57, and 61 ar£ recited 
in the Examiner’s Statement (R. 49). Qlaim 51, 
which is typical, reads as follows: 

51. A method of preparing co^l of the 
softer grades for its subsequent ufee which 

116278—35 (1) 
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comprises crushing the coal to compara¬ 
tively small pieces, and heating the coal, in 
the presence of inert gas sufficiently free 
from air to prevent combustion, until sub¬ 
stantially above that of the boiling point of 
water to not above that at which thermal de¬ 
composition of the particular coal begins, 
and pulverizing the coal so treated. 

The prior art relied upon is: 

Michie, 1423134, July 18, 1922. 

Rigby, 1517755, Dec. 2,1924. 

Bone, 1594994, Aug. 3, 1926. 

King & Willgress—“ Primary Decomposition of 
Coal.” 

Katz—“New Views of the Combustion of the 
Volatile Matter in Coal.” 

The application discloses a method of treating 
coal by means of heat. The coal is first crushed 
and then heated in the presence of inert or non¬ 
combustible gases to prevent combustion. The ex¬ 
act maximum temperature to which the coal is 
heated w’as not stated in degrees in the original 
specification. The coal is heated to a temperature 
not above that at which thermal decomposition 
begins. 

THE REFERENCES 

The patent to Michie et al., 1423134, discloses 
apparatus and a process for 4 ‘Low Temperature 
Distillation” for coal or other fuel (page 1, line 
64). 
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As to the temperature used, page 1, line 19 et seq. 
of the specification says: 

The process to which this invention; relates 
is that in which fuel, for example coal, is dis¬ 
tilled by passing superheated steam c»r other 
hot gases through the fuel, the temperature 
of these gases being comparatively 1<|>w, say, 
for example, 500° C. I 

Page 1, line 66, refers to “boiler-flue gas” ^hich is 
considered in the arts as an inert gas inasijnuch as 
it is substantially free from oxygen. 

The patent to Rigby, 1517755, discloses a | method 
of treating peat or lignite. As to temperature, 
page 2, lines 22 et seq., state that the average tem¬ 
perature of the flue gases at the point of ^ntry of 
the material is 250° centigrade. Rigby jcontem- 
plates a temperature between 75° and 15(}) 0 C. at 
the conclusion of the operation. (Page 1,!lines 48 
et seq., also claims 2, 3, 4, and 5.) 

The patent to Bone, 1594994, discloses a! process 
for the treatment of certain fuels to improve their 
calorific value. Bone utilizes waste gas^s from 
boiler furnaces provided they are chemically inert 
at temperatures between 250° and 400° d. and in 
some lignites not over 375° C. 

The Bulletin by S. H. Katz is a treatise on what 
takes place in the coal under various decrees of 

i 

temperature. It evolves gaseous and liquid mat¬ 
ter at temperatures as low as 250° C. On page 43, 
paragraph 3, the Author states: 


i 
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Coal probably breaks down more or less 
at all temperatures, but the temperature at 
which reactions occur to anv extent in ex- 
perimental time is considerably above nor-* 
mal atmospheric temperatures. 

On page 44, paragraph 6: 

Thermal decomposition of the volatile 
matter takes place very easily at tempera¬ 
tures above 750° C. (1,382° F.) and in¬ 
creases the yield of the permanent gases, 
hydrogen, and hydrocarbons. 

The Bulletin of King et al., on page 2, gives a 
resume of previous work of this character which 
dates back to 1857 when Delesse made the obser¬ 


vation that peat begins to decompose at 250° C., 
lignite at 300° C., and coal at about 400° C. 
It would thus appear that the harder the coal, the 
higher the temperature required for distillation or 
decomposition. 


THE GROUNDS OF REJECTION 


I. Lack of sufficient disclosure. 

II. 1 Unpatentable over the prior art. 

As to ground I, the primary examiner in his 
statement (R. 50) says: 


In applicant’s heat treatment no particu- 
1 lar duration of heating was given, and no 
1 temperature limits designated by their nu¬ 
merical values. The temperature to which 
the coal is to be treated was disclosed only 
in terms of what the Examiner has regarded 


* 
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as uncertain and indefinite valued, based 
upon an unproven and inaccurate theory. 

Applicant’s theory appears to be that for 
coals in general, and possibly for each coal, 
there is a definite point in an increasing tem¬ 
perature scale where “ thermal decomposi¬ 
tion” begins, and by “thermal decomposi¬ 
tion”, he apparently means destructive dis¬ 
tillation. Applicant cites several publica¬ 
tions to confirm his theory, while the Exam¬ 
iner has contended (see paper 15) tjhat coals 
are extremely complicated substances of 
widely different composition, whiclj on heat¬ 
ing to increasing temperatures give off a 
number of products—water vapor, occluded 
gases, water of composition, oils, aid hydro¬ 
carbons, and that for each product the tem¬ 
perature range is quite large (particularly 
with different coals) and overlaps the ranges 
at which other products are evolved—hence 
no definite “thermal decomposition” point 
exists. 

Section 4888 R. S. (35 U. S. C. A. 33) requires 
that the specification or description shall be 

“in such full, clear, concise, and exact terms 
as to enable any person skilled in the art or 
science to which it appertains, or with which 
it is most nearly connected, to make, con¬ 
struct, compound, and use the sam|e.” 

The usual test as to the sufficiency of the dis¬ 
closure of the specification is whether the inven- 

i 

tion could be practiced by one skilled in the art 
without being obliged to make experiments. By 
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this test the specification does not appear to be as 
clear as it should be. 

It is, of course, well known that coal comprises 
a large number of hydrocarbons which distill at 
various temperatures, some of the more volatile 
ones at summer atmospheric temperature. 

The amount of heat to be utilized would depend 

t 

upon the various hydrocarbons that the operator 
desired to eliminate and that would and could cover 
all degrees from a partial or a fractional distilla¬ 
tion to a destructive distillation. 

As to ground II, the claims are held to be un¬ 
patentable over the prior art. 

Claims 50 to 53 are for a method and claims 57 
and 61 are for an article, the result of the method. 
The method claims comprise two steps—(1) crush¬ 
ing and (2) heating. Rigby treats lignite in a com¬ 
minuted condition. Furthermore, crushing coal 
would appear to be a mere conventional step in the 
various arts. As to heating, Michie preheats at a 
temperature of 150° C. to 250° C. and then con¬ 
tinues with a low temperature distillation of 400° 
C. to 600° C. Rigby contemplates a flue gas at an 
initial temperature of 250° C. to a final tempera¬ 
ture of 75° C. to 150° C. Bone utilizes a tempera¬ 
ture between 250° C. and 400° C. These patents, 
together with the Bulletins, would appear to teach 
the public what the results of the various tempera¬ 
tures would be. In other words, a person skilled 
in this art would determine the temperature (1) 
by the product he desired to obtain and (2) by the 
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character of the coal used with respect t|o degrees 
of hardness. The patent to Bone (R. 89) suggests 
in the first paragraph of his specification! a heating 
temperature “ below that at which destructive dis¬ 
tillation begins.” 

Claim 57, for the article, calls for cj)al which 
is ‘ 4 expanded” and charged with inert gas which 
merely means that the coal when heated in an 
inert gas absorbs some of the inert gas during the 
cooling step in lieu of inflammable gases j that have 
been driven out. This claim would therefore de¬ 
fine nothing patentable over Rigby or Bone, both 
of which disclose coal raised to a high tempera¬ 
ture by passing a heated inert gas through the 
body of the coal. 

i 

Claim 61 is for a crushed coal that i$ rendered 
nonautogenous and also nonexplosive. Apparent¬ 
ly appellants’ heat treatment of coal with inert 
gas gives the coal these qualities. T|he heated 
inert gas treatment disclosed by Bone hnd Rigby 
would obviously give the treated coal lik^ qualities. 

In conclusion it is respectively submitted that 
the decree of the Court below should bb affirmed. 

T. A. Hostetler. 

' j 

Solicitor for the Patent Office, 

Attorney for Appellee . 

February 1935. j 
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